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NOTES FOR CONTRIBUTORS 


Papers submitted for publication the Biochemical Journal should written 
concisely. The sections below concerning the preparation the typescript give only 
general indications. Authors are urged consult the more detailed Suggestions 
Authors, Chemical Nomenclature and Abbreviations, Symbols, Usages and 
Conventions, which was published May 1957 (Biochem. 1957, 66, 1); also 
Notes Preparation Illustrations, which was published January 1956 
(Biochem. 1956, 62). Copies these pamphlets may obtained from the 
Editorial Office (Biochemical Journal), The Lister Institute, Chelsea Bridge Road, 
London, S.W.1, price 1s. 6d. (Suggestions Authors) and Prepara- 


tion Illustrations) post free. 


Strict observance the requirements the Biochemical Journal will shorten 
the period between the receipt paper and its publication. 


Communications. Papers submitted for publica- 
tion should sent the Secretary the Editorial 
Board (Biochemical Journal), The Lister Institute 
Preventive Medicine, Chelsea Bridge Road, 
London, 


Abstracts. Authors should submit with their 
typescript abstract suitable for inclusion 
International Abstracts Biological Sciences. This 
abstract will not appear the Biochemical Journal 
but will edited before being passed for publica- 
tion the Abstracts. 

The abstract should outline briefly possible 
the results and definitive conclusions the work 
submitted. Details methods are generally not 
required. paper average length should 
abstracted about 100 words. The abstract should 
typed double spacing separate quarto 
sheet the following form: title; name(s) 
author(s); Biochem. (space for year, volume and 
page reference); address (for reprint applications) 
abstract. For example: 

The metabolism short-chain fatty acids the 

sheep. The pathway propionate metabol- 

ism inrumen epithelial tissue. Pennington 

628 (Rowett Research Institute, Bucksburn, 

Aberdeenshire, Scotland)—(Abstract). 


Reprints. Where least one author paper 
member the Biochemical Society, twenty-five 
reprints are supplied free cost. author may 
purchase additional reprints notifies the Press 
the appropriate form immediately the proof 
the paper received. Communications about the 
purchase reprints should addressed the 
University Press, Cambridge. 


General. the policy the Biochemical 
Journal publish papers all fields bio- 
chemistry—plant, animal and microbiological— 
provided that they describe results which make 
new and fundamental contribution 
chemical knowledge, that they describe methods 
applicable biochemical problems. Submission 
paper the Editorial Board will held imply 
that reports unpublished work, that not 
under consideration for publication elsewhere, and 
that accepted for the Biochemical Journal will 
not published elsewhere the same form, either 
English any other language, without the 
consent the Editorial Board. 

Contributors who reside abroad may nominate 
somebody Great Britain who willing correct 
the proofs their papers. Proofs are also sent 
all authors residing abroad, necessary airmail, 
whether not they have nominated proof reader 
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Great Britain; these are returned immediately, 
will normally possible incorporate correc- 
tions the final proof. The method correcting 
proofs given B.S. 1219 B.S. 1219C (obtainable 
from the British Standards Institution) preferred. 

Papers should headed informative title, 
the names the authors and the name and 
address the Laboratory where the work was 
performed. Female authors should use one given 
name and the surname, and male authors should 
use initials and surname only. Descriptive material 
about the author, e.g. Beit Memorial Fellow, 
details financial support, should appear 
footnote the first page or, preferably, the 
acknowledgements the end the paper. 

Typescripts should bear the name and address 
the person whom the proof the paper 
sent, and should give also shortened version the 
title, not exceeding forty-five letters and spaces 
length, suitable for running title the published 
pages the work. 

paper that has been returned author for 
revision not resubmitted within six months, 
will deemed new paper and the date 
receipt altered accordingly. revised paper con- 
taining significant amount new material will 
also redated. 

paper should written only when piece 
work rounded off. Preliminary abortive 
experiments should not described. 

would help the editors the author, when 
submitting paper which part series, would 
enclose reprints the immediately preceding parts. 


Form papers submitted for publication. 
Papers should double-spaced typing sheets 
uniform size with wide margins. Top copies only 
should submitted. The paper should written 
English. 

The onus preparing paper form suitable 
for sending press lies the first place with the 
author, who should first consult the detailed 
Suggestions Authors, Chemical Nomenclature and 
Abbreviations, Symbols, Usages and Conventions. 
Authors should also refer current issue 
the Journal order make themselves familiar 
with the typographical conventions, use cross- 
headings, lay-out tables, citation references, 
etc. The need for editorial revision badly pre- 
pared typescript will lead delay publication. 
Papers specialized subjects should presented 
that they are intelligible the ordinary reader 
the Journal. Sufficient information should 


included permit repetition the experimental 
work. 


Generally, papers should divided clearly into 
sections, follows: (a) introduction, containing 
the reasons for doing the work; (b) Experimental 
methods: with chemical papers the experimental 
part may appear towards the end, but otherwise 
should follow the introduction; (c) Results: these 
should given concisely; the use both tables 
and figures illustrate the same results will only 
rarely permitted; only illustrative protocols 
should included; (d) Discussion: desirable 
that the presentation the results should 
separated from the discussion their significance; 
this section should strictly limited discussion, 
and should not recapitulate results; (e) Summary, 
about the length the paper the paragraphs 
the Summary should numbered; acknow- 
ledgements; (g) References. The arrangement 
suggested for sections not binding 
authors; other ways arrangement are sometimes 
more suitable. 

The Biochemical Journal uses standard for 
spelling the Concise Oxford Dictionary Current 
English (Oxford: Clarendon Press). 


Illustrations. Diagrams that not conform with 
the directions given Notes Preparation 
Illustrations may have redrawn the Press 
and the expense charged the author. Legends and 
captions should written that the general 
meaning each illustration can understood 
without reference the text, and that the exact 
experimental conditions used obtain the results 
illustrated are made clear. Illustrations requiring 
reproduction half-tone plates should avoided 
whenever possible. Photographs drawings 
paper chromatograms, particularly one-dimensional, 
are not generally published. 


Tables. Tables should have headings which make 
their general meaning comprehensible without 
reference the text. Conditions specific the 
particular experiment should stated. Reference 
the text for general experimental methods 
permissible provided that there ambiguity. 
The units which the results are expressed, e.g. 
g./100 ml., should given the top each 
column, and not repeated each line the 
table. 

Tables should typed separate sheets and 
their approximate position the text indicated. 
Words numerals should repeated successive 
lines: ‘ditto’ ‘,,’ are not used. 


Footnotes. These should avoided the text 
far possible. 
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CORRIGENDUM 
Studies the aspartic decarboxylase Nocardia globerula 
Volume (1958) 
223, ordinate Fig. 
for CO, produced (moles) read CO, produced 
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Metabolism and p-Fluoro-, -Bromo- and 
the Rabbit 


Department Physiology, The Medical School, University Birmingham 


(Received September 1957) 


the chloromononitrobenzene series (for summary 
and references see Table Bray, James Thorpe, 
was observed that the rabbit several 
compounds were converted into mercapturic acids 
replacement relatively labile chlorine atom. 
The formation mercapturic acid acetyl- 
cysteyldebromination 4-bromo-3:5-dichloronitro- 
benzene (Betts, Bray, James Thorpe, 1957) 
and 2-bromo-4-chloro-, 2-bromo-5-chloro- and 
4-bromo-3-chloro-nitrobenzene (Bray, James 
Thorpe, 1957a) has also been noted. was there- 
fore interest examine the metabolic fate 
some other halogenonitrobenzenes with particular 
reference the formation mercapturic acids. 
For this purpose the monohalogenonitrobenzenes 
were chosen since they were more readily available 
than polyhalogenonitrobenzenes. Some prelimin- 
ary experiments have been reported Bray 
James (1957). 

Betts al. (1957) found that the rabbit 
2:4:5- yielded 
metabolites which chlorine atom was replaced 
hydroxyl group. present investigation 
has revealed further examples hydroxyldehalo- 
genation. 


MATERIALS 


All melting points recorded are uncorrected. Elementary 
microanalyses were carried out and Pascher, Bonn. 

Most the halogenonitrobenzenes were purchased. 
o-Fluoronitrobenzene was prepared decomposition 
borofluoride (cf. Schiemann 
Pillarsky, 1929; Dippy Williams, 1934). The solid product 
the reaction was extracted with ether, the solvent was 
removed from the extract and the residue was steam- 
distilled. The distillate was extracted with ether. After 
removal ether the liquid residue from the extract was 
purified fractional distillation. The product had b.p. 95° 
mm.; [Schiemann Pillarsky (1929) give 
and m.p. 49° and 32° 
respectively, were prepared the method Ullmann 
(1896). 

and and m-iodo-aniline were prepared 
reduction the corresponding halogenonitrobenzenes with 
and HCl ethanol. The other halogenoanilines were 
purchased. All halogenoanilines were characterized the 
corresponding acetanilides, which were prepared treat- 
ment with acetic anhydride room temperature. The 


melting points the acetanilides were: o-fluoro, 75°; 
fluoro, 86°; p-fluoro, 152°; 99°; m-bromo, 89°; 
p-bromo, 168°; 108° and m-iodo, 121°. p-Iodo- 
acetanilide, m.p. 184°, was purchased. 

N-Acetyl-S-(2-nitrophenyl)- and 
were prepared described Bray, 
James Thorpe (1956). that paper the m.p. the 
former was described erroneously instead 
and 4-Nitrocatechols were prepared according 
Weselsky Benedikt (1882). 


METHODS 


Animals, diet and dosage. Doe rabbits kg. body wt.) 
were maintained described Bray, Ryman Thorpe 
(1947). Compounds were administered stomach tube 
suspensions water. The dose levels were 0-1 g./kg. body 
weight for o-fluoronitrobenzene, 0-15 g./kg. for o-bromo- 
and and m-iodo-nitrobenzene and for the 
other compounds. All the fluoro and all the ortho and meta 
compounds caused some anorexia. Occasionally the dose 
m-fluoronitrobenzene was fatal. 

Determination metabolites. The methods were essenti- 
ally described Bray al. (1956, 1957a). Recoveries 

%+5%) the anilines added urines were: o-fluoro, 
93; m-fluoro, 108; p-fluoro, 108; 98; m-bromo, 
103; p-bromo, 103; 103; m-iodo, 107; p-iodo, 105. 

Qualitative examination urines. This was carried out 
described Bray al. (1956). Ether extracts were 
prepared continuous extraction with ether for hr. 
urine adjusted with Extraction the 
residual urine after hydrolysis with equal volume 
gave extracts Extracts were obtained 
from the residual urine from adjusted 

Paper chromatography. The procedure was described 
Bray, Thorpe White (1950) except that minimize 
decomposition aminophenols and loss nitrophenols 
papers were dried without heating. The solvents and de- 
tecting reagents used and the values the compounds 
are given Tables and 

Indophenol reaction. Synthetic reacts 
with the indophenol reagents give blue colour slowly. 
(Normally blue colour obtained with these reagents 
only from p-aminophenols.) This caused little difficulty 
interpretation paper chromatograms, since p-fluoro- 
aniline runs faster than p-aminophenol with which 
might otherwise have been confused (see Table 3). The 
fluoroaniline was shown free from p-aminophenol 
paper chromatograms treated with other detecting reagents. 
The slow blue colour always appeared the zone which 
other detecting agents had shown that occupied 
p-fluoroaniline. seems likely that small proportion 


1958, 


defluorinated the reagents used the 
indophenol reaction. 

Isolation metabolites. Halogenoanilines were isolated 
the acetanilides described Bray al. (1956). 
Mercapturic acids and aminophenols were isolated 
described Bray al. (1957a). The isolated acetanilides 
and mercapturic acids were shown identical with 
authentic synthetic specimens mixed m.p. and paper 
chromatography. The absorption spectra the mercap- 
acids were identical with those obtained from the 
corresponding synthetic acids. All the aminophenols 
isolated had m.p.’s agreement with those given the 
literature except the (Found: 7-3. 
(see Table 2). 


RESULTS 


The average daily excretions normal metabolites 
the rabbits used were the same order those 
found previously (e.g. Bray, Hybs, James Thorpe, 
1953). The results obtained quantitative 
analysis the urines dosed animals are sum- 
marized Table Except with and 
iodo-nitrobenzene, relatively small proportion 
the dose was excreted the corresponding aniline. 
Except with p-fluoronitrobenzene, large part 
the dose was excreted phenolic metabolites. 
several the compounds caused anorexia, the 
values for acid formed from these 
compounds are probably low, since the values for 
excretion before and after the experiment, which 
were used base lines, would higher than the 
true control values for the experimental period. 
Furthermore, with some the compounds, 
significant amounts phenolic metabolites seem 
excreted unconjugated (see Tables and 4). 
For these reasons ‘the totals accounted for’ given 
Table for all compounds except p-bromo- and 
p-iodo-nitrobenzene are probably too low. The 
small values [by the modified method 
Stekol (1936)] for mercapturic acid from the meta 
compounds, together with failure detect any 
mercapturic acid the urines, makes probable 
that there significant excretion mer- 
acid from these compounds. The ortho 
latively large amounts mercapturic acid. 


Metabolites isolated detected 


The metabolites isolated and the yields obtained 
are given Table The metabolites detected 
the urines are given Tables and addition 
the nitro compounds listed there were faint 
traces other yellow spots but these were not 
regularly reproducible and the amounts were too 
small for satisfactory identification after reduction. 
(The toxicity the compounds administered pre- 
cluded the use larger doses.) All spots from 


Table Excretion metabolites the halogenonitrobenzenes the rabbit 


indicate the number experiments. Consecutive samples urine were 


ranges parentheses; superior figure: 


could longer detected (usually hr.). 


Results are expressed percentages the dose 


analysed until excretion metabolit 


Bromonitrobenzene 


Fluoronitrobenzene 


Compound 


Meta Para Ortho Meta Para Ortho Meta Para 


Ortho 


Isomer 


0-52 0-60 0-60 0-40 0-40 


0:33 


Dose (g./rabbit) 


Metabolite 


Mercapturic acid 


Glucosiduronic acidt 


Ethereal sulphate 


Halogenoaniline, free 


Halogenoaniline, combined 


Unchanged halogenonitrobenzene 


colorimetric method Bray al. (1956). 


Total accounted for 


so 


genonitrobenzene and analytical results were variable and often 


anorexia often resulted frorm dosage with the halo; 
l low and the total accounted for will be correspondingly low (see text). 


robably not reliable: 
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Results are probably in genera 
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METABOLISM HALOGENONITROBENZENES 


Table Metabolites isolated from urine rabbits given halogenonitrobenzenes 


Melting points given parentheses are for the derivative isolated. All compounds isolated were recrystallized from 


aqueous ethanol. 


Nitrobenzene 


derivative Dose/rabbit No. Yield 
administered rabbits Metabolite isolated M.p. dose) 
4-Amino-2-fluorophenol 
157 
o-Bromo- 0-4 o-Bromoaniline* (99) 
172 
4-Amino-3-bromophenol 
m-Bromo- 0-6 m-Bromoaniline* (87) 
4-Amino-2-bromophenol 
p-Bromo- p-Bromoaniline* (168) 
156 0-1 
2-Amino-5-bromophenol 
170 
4-Amino-3-iodophenol 
m-lodo- 0-4 (121) 
2-Amino-5-iodophenol 


derivative. 
near agreement with Hodgson Kershaw (1928). 


Gattermann (1894) gave 163° and Hodurek (1897) 155°. 


Berg Newbery (1949) give 162°. 


Schlieper (1893) and Hunter Barnes (1928) gave m.p. 88° and Schiitt (1885) gave m.p. 128° for 2-amino-4-bromo- 
phenol. The acetyl derivative prepared from the phenol isolated had m.p. 184°. Phillips (1930) reported 177° for 2-acet- 
amido-4-bromophenol. 2-Amino-6-bromophenol has not been prepared. 


diazotizable compounds have been listed 
Tables and except two from slow-running 
derivatives (see below). 
Authentic synthetic specimens the halogeno- 
nitrophenols and aminohalogenophenols were not 
available. there are possible metabolites 
this type and least would required for 
identification direct comparison, the labour 
attempting the synthesis the appropriate 
reference phenols did not seem justified. The con- 
stitution the phenols detected can, however, 
some extent deduced the basis chemical 
tests for and p-aminophenols described 
Bray al. Six phenols which were isolated 
had properties agreement with those given the 
literature. With each halogenonitrobenzene the 
products which would result from hydroxylde- 
halogenation were also looked for and each urine 
was examined for and 4-nitrocatechol. save 
space, the dehalogenated phenols are entered only 
once Table unless positive results were ob- 
tained. There the possibility that some the 
halogenophenols, which were detected the 
(unhydrolysed) extracts and tentatively identi- 
fied m-nitro- m-amino-phenols, were, fact, 
ether-soluble glucosiduronic acids either these 


other phenols Bray al. the phenols 
were conjugated, tests for and p-aminophenols 
would longer provide evidence structure 
since the conjugates and p-aminophenols 
would react more like m-aminophenols. For eight 
the halogenonitrobenzenes, however, the possi- 
bility the presence such conjugates can 
dismissed, since six the extracts gave 
naphthoresorcinol tests for glucuronic acid and 
two, which gave positive reaction (those from 
p-fluoro- and p-iodo-nitrobenzene), did not contain 
either nitro- amino-halogenophenols. Doubt 
therefore remains only about the m-nitro- and 
amino-phenols obtained from 
the extract which gave positive naphtho- 
resorcinol test. spots corresponding these 
two phenols were also obtained from paper chro- 
unlikely that they were glucosiduronic acids. This 
supported the finding these spots 
paper chromatogram hydrolysed extract. This 
chromatogram also bore spot corresponding 
4-amino-3-fluorophenol and one corresponding 
the aminophenol formed reduction the 
4-fluoro-3-nitrophenol which had been found 
extracts. These spots probably represented the 
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hydrolysis products material, presumably 
glucosiduronic acids, which gave spots about 
and 0-13 (solvent mixture the chromato- 
gram unhydrolysed extract. The following are 
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o-nitro-fluorophenol was detected. Small amounts 
m-amino- and m-nitro-phenol were found 
the extracts but the m-aminophenol was not that 
which was formed reduction the m-nitro- 


the arguments for the constitution the phenolic 
metabolites listed Tables and 

From Hydroxylation can 
give one two and one p-nitrofluorophenol 
and the corresponding aminophenols. The main 
phenolic metabolites were p-aminofluorophenol 
and its corresponding nitrophenol (shown 
reduction the aminophenol). o-amino- 


phenol. The m-aminophenol (R, 
mixture corresponding the nitrophenol was 
obtained after hydrolysis the extract and was 
therefore probably present only 
soluble conjugate (see above). 

From Two o-, one and 
one and the corresponding 
aminophenols are possible. The 


Table values and detection metabolites fluoronitrobenzenes 


Solvent mixtures and times run Whatman no. paper: acid—water (2:2:1, vol.) (1-5 hr.); 
light petroleum (b.p. formic acid (3:1:2, vol.) hr.); soln. 
(4:3:3, vol.; Corner Young, 1954) hr.); acid—water (1:1:2, vol.) (1-5 hr.). Detecting reagents: 
(Bratton Marshall, 1939); indophenol reaction (Bray al. 20% (w/v) Colours 
spots: blue; Bn, brown; green; magenta; orange; purple; yellow; pale; deep. Authentic specimens 
the compounds parentheses were not available for comparison; the arguments for the suggested constitutions are 
given the Results section. Under values, indicates that the spots obtained were not satisfactory for identification, 
e.g. due streaking. Metabolites were sought extracts and (see Methods). Compounds found extracts 
hydrolysed urine and are probably excreted combined form. Present; (+), present traces; absent. 


values Colour with Detected 
solvent mixture detecting reagent extract 
Derivatives o-fluoronitrobenzene 
o-Fluoroaniline 1-0 0-09 Steam-distillate 
(3-Amino-4- 0-0 0-0 0-79 (+) (+) 
Derivatives m-fluoronitrobenzene 
3-Nitrophenol 1-0 0-11 0-81 (+) (+) 
3-Aminophenol 0-05 0-0 PBn (+) 
Derivatives p-fluoronitrobenzene 
(5-Amino-2-fluorophenol) 0-75 0-05 0-70 (+) 


Reduction the nitrophenol gave the aminophenol 0-5 which was not found extracts and but was 
obtained when extract was hydrolysed (see Results section). 

Lack reference compound made impossible decide which values pertained the given aminophenol. 

Bright-yellow colour with nitrous acid. Blue develops slowly after addition the coupling reagent. 

Isolated specimen this compound had m.p. agreeing with that given the literature. 

and 4-Nitrocatechol have values 1-0 and 0-2 respectively solvent mixture and give purple and red colours 
respectively with 
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metabolites were the p-nitro- and the p-amino- From p-fluoronitrobenzene. One and one 


phenol. Traces o-aminophenol were found and the corresponding amino- 


but was not possible distinguish between the phenols are possible. Both the aminophenols were 
two possible m-nitro- and detected but the main phenolic metabolite was the 
amino-phenol were detected and are recorded product, 4-aminophenol. 

3-nitro- and 3-amino-phenol Table since From the bromo- and iodo-nitrobenzenes. Similar 


unlikely that 3-fluoro-5-nitro- and 3-amino-5- those used for the fluoro compounds 
fluoro-phenol would both have the same The absence dehalogenated phenols 
have 3-nitro- and 3-amino-phenol respectively. the identification. The compound from 
readily accounted for product -6-bromophenol was isolated, but its 
hydroxylation 3-nitrophenol. properties were not satisfactory agreement with 


US 


Table values and detection metabolites bromo- and iodo-nitrobenzenes 


Solvent mixtures, times run, paper, detecting reagents and colour abbreviations are Table speci- 
mens the compounds parentheses were not available for comparison; the arguments for the suggested constitutions 
are given the Results section. Under values, indicates that the spots obtained were not satisfactory for identi- 
fication, e.g. due streaking. Metabolites were sought extracts and (see Methods). Compounds found extracts 
hydrolysed urine and are probably excreted combined form. Present; (+), present traces; absent. 


values Colour with Detected 
solvent mixture detecting reagent extract 
Derivatives o-bromonitrobenzene 
(3-Bromo-4-nitrophenol) 0-90 0-0 0-63 
Derivatives m-bromonitrobenzene 
Derivatives p-bromonitrobenzene 
2-Amino-5-bromophenol* 0-63 0-0 0-92 


Derivatives 


Derivatives m-iodonitrobenzene 

(2-Iodo-4-nitrophenol) 0-76 0-10 0-67 

(2-Amino-4- -6-iodophenol) 0-28 0-0 0-83 


Derivatives p-iodonitrobenzene 


specimens these compounds had m.p. agreeing with those given the literature. 

Approximate; spot very elongated. 

Bright-yellow colour with nitrous acid. Blue develops slowly after addition the coupling reagent. 

Lack reference compound made impossible decide which values pertained the given aminophenol. 
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those given the literature for 2-amino-4-bromo- 


phenol (see Table 
unknown. 


DISCUSSION 


The results the present investigation are, 
large extent, such would have been expected 
from those obtained Bray al. (1956) with the 
corresponding chloro compounds. All the and 
p-halogenonitrobenzenes form mercapturic acids 
acetyleysteyldehalogenation. The evidence now 
presented stronger than that obtained with the 
chloro compounds, from which the formation 
mercapturic acid was shown paper chromato- 
grams, since the mercapturic acids have been 
isolated from the urines rabbits given and 
p-fluoro-, and p-bromo- and 
Halogens meta position nitrobenzenes are 
particularly stable (see Bunnett Zahler, 1951) 
and the lack evidence for the formation 
mercapturic acids from the m-halogenonitroben- 
zenes, apart from not 
surprising. m-Fluoronitrobenzene yields m-nitro- 
anisole treatment with sodium methoxide 
(Holleman Beekman, 1903). Furthermore, the 
present work suggests that hydroxyldefluorination 
m-fluoronitrobenzene can occur the rabbit. 
defluorination might therefore have 
pected. There is, however, satisfactory evidence 
for the formation mercapturic acid from 
fluoronitrobenzene. 

Hydroxyldechlorination has been observed 
two trichloronitrobenzenes (Betts al. 1957), but 
not the monochloronitrobenzenes. The mono- 
bromo- and monoiodo-nitrobenzenes not appear 
undergo hydroxyldehalogenation but there 
evidence that this occurs the monofluoronitro- 
p-fluoronitrobenzene occurs since p-aminophenol 
the main phenolic metabolite excreted and only 
ation without defluorination. least some de- 
fluorination must occur the nitro compound, 
since 4-nitrophenol and 4-nitrocatechol were 
detected urine. The defluorination probably 
within the animal since 
could detected after aqueous suspensions 
fluoronitrobenzene had been kept 37° for hr. 
room temperature for hr. p-Fluoroaniline 
equally stable under these conditions. 

m-fluoronitrobenzene not great, since only 
traces defluorinated products were detected. 
With both these compounds, however, 
ation position ortho meta the nitrogen can 
occur without displacement fluorine. the 
properties the phenols which can formed 
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are unknown, cannot stated unequivocally 
that they can distinguished with certainty from 
the relevant phenols formed defluorination, 
although the detection 4-nitrocatechol strengthens 
the probability that defluorination m-fluoronitro. 
benzene occurs. The absence 3-nitrocatechol 
amongst the metabolites o-fluoronitrobenzene 
not unexpected since Robinson, Smith Williams 
(1952) failed detect 3-nitrocatechol meta- 
bolite o-nitrophenol. 

Although lack reference compounds 
vented complete identification the hydroxyl. 
ated halogenated metabolites, sufficient evidence 
has been obtained show general similarity 
with the chlorophenol metabolites the 
(Bray al. 1956). The results 
are summarized Table general, fewer halo- 
genophenols have been detected than with the 
chloro compounds, but this may have been due 
partly the greater difficulty interpreting paper 
chromatograms when reference compounds were 
not available. The chemical similarity the 
phenols may also have offset the probability 
revealing differences when mixtures phenols 
were examined even three different solvent 
mixtures. the distinction between unreduced 
only m-bromonitrobenzene yields metabolite 
which does not correspond one which was 
identified from m-chloronitrobenzene. 

The position the group the nitro- 
phenols interest. With the di- and the tri- 
chloronitrobenzenes (Bray al. Betts 
al. 1957), where nitrophenols were detected 
metabolites, they were those which would 
formed the nitro group directed hydroxylation 
into the meta position, except that 3:5-dichloro-2- 
nitrophenol and, traces, 2:5-dichloro-4-nitro- 
phenol were identified metabolites 2:4- and 
2:5-dichloronitrobenzene respectively and traces 
2:3:5-trichloro-4-nitrophenol were obtained from 
2:3:6-trichloronitrobenzene. 
genonitrobenzenes, however, m-nitrophenols were 
found only traces and only metabolites 
fluoro-, and p-chloro-nitrobenzenes. The 
predominant nitrophenols from all the and 
halogenonitrobenzenes were p-nitrophenols. The 
major phenolic metabolites the p-halogenonitro- 
benzenes were o-aminophenols and 
phenols were detected. The question whether 
hydroxylation precedes follows reduction the 
nitro group was studied for the monochloronitro- 
benzenes Bray al. (1956) examination 
the phenolic metabolites excreted after rabbits had 
been given the corresponding chloroanilines. These 
compounds yielded only and p-aminophenols 
and there was evidence meta-hydroxylation. 
was therefore concluded that meta-hydroxylation 
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Table Phenolic metabolites the monohalogenonitrobenzenes 


Vol. 


The major phenolic metabolites are indicated those present small amounts traces and compounds 
not detected should emphasized that this grading based mainly the appearance spots paper 
chromatograms and not quantitative determinations; particularly the grading, should not taken that the 
amounts nitro- and amino-phenols excreted are approximately the same. The aminophenols were almost certainly 
present greater amounts, e.g. only aminophenols were present sufficient amount permit isolation (see Table 2). 
inferior figure indicates the position the halogen relative the hydroxyl group more than one product possible 


with the group the given position. Results for the chloronitrobenzenes are from Bray al. (1956). 


Phenols formed hydroxylation 


Position relative 


Phenols formed 
hydroxyldehalogenation 


the nitrogen Ortho Meta Para 
4-Nitro- 
Nitrobenzene derivative Nitro Amino Nitro Amino Nitro Amino catechol 
halogen 


occurred only the nitro compounds. All the four 
possible chloronitrophenols were excreted 
rabbits given o-chloronitrobenzene that this 
compound ortho-, meta- and para-hydroxylation 
can occur before reduction. With the other 
halogenonitrobenzenes the products ortho- 
hydroxylation were not detected (see Table 5), but 
this not surprising for the reasons given above, 
conjunction with the fact that only traces the 
benzene were found (Bray al. 1956). the 
phenolic metabolites the fluoro- (apart from 
products hydroxyldefluorination), bromo- and 
iodo-nitrobenzenes closely resembled those 
from the corresponding chloro compounds (see 
Table seems reasonable suppose that the 
origins the various hydroxylation products are 
similar those the corresponding chloro 

The most conspicuous general features the 
hydroxylation products the halogenonitroben- 
zenes are: (1) the main phenols from the ortho 
compounds are p-aminophenols and those from the 
meta compounds are and o-aminophenols (4- 
amino-2-iodophenol was the only phenol this 
type not detected); (2) the main phenols from the 
p-halogenonitrobenzenes are (with 
p-fluoronitrobenzene, however, only small 


amount this metabolite was excreted, probably 
because the major phenolic metabolite was one 
formed (3) only the 
the halogen group 


SUMMARY 


and p-bromo- and and p-iodo-nitrobenzene 
has been studied the rabbit. 

The ortho and para compounds form mer- 
capturic acids (over 30% the dose with the 
fluoro- and o-bromo- compounds) but the meta 
compounds not. 

Except with p-fluoronitrobenzene (less than 
10%) about 30-60% the dose excreted 
phenols conjugated with glucuronic and sulphuric 
acids; except with p-bromo- 
benzene (30%) less than 10% the dose ex- 
creted the corresponding anilines. 

The main phenolic metabolite p-fluoro- 
nitrobenzene p-aminophenol. and m-Fluoro- 
nitrobenzene also probably undergo hydroxyl- 
defluorination. 

Apart from hydroxyldehalogenation the 
fluoro compounds the metabolic fate the fluoro-, 
bromo- iodo-nitrobenzenes is, general, 
qualitatively similar that the corresponding 
chloro compounds. 

for assistance with the quantitative analyses. 
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Displacement Fractionation Deoxyribonucleoproteins 
Heparin and Dextran Sulphate 


Biochemistry, University Oxford 


(Received January 1957) 


Recent investigations have shown that the total 
deoxyribonucleic acid, isolated from single bio- 
logical source, may regarded group 
closely related polymeric species having signifi- 
cantly different compositions. 

The methods fractionation commonly em- 
ployed hitherto fall into two groups: (i) those 
dependent the extraction denatured deoxy- 
ribonucleoproteins with solutions sodium 
chloride, either concentration gradient 
(Crampton, Lipshitz Chargaff, 1954a, Chargaff, 
Crampton Lipshitz, 1953; Lipshitz Chargaff, 
1956) time gradient (Lucy Butler, 1955), 
and (ii) methods involving the interaction 
isolated deoxyribonucleic acid with proteins 
(Brown Watson, 1953), polypeptides (Spitnik, 
Lipshitz Chargaff, 1955) ionic-exchange 
reagents (Bendick, Fresco, Rosenkranz Beiser, 
1955). 

The present studies are concerned with 
alternative means fractionation undenatured 
deoxyribonucleoproteins from calf-thymus gland 
and spleen, founded the stepwise displace- 
ment strong anionic polymers the protein 
moiety the nucleoproteins, and the 
ing liberation deoxyribonucleic acid fractions. 
was shown Chargaff Olson (1938), 

Present address: Department Biochemistry, 
Institute Animal Physiology, Babraham, Cambridge. 


another connexion, that protamine combines with 
heparin yielding insoluble complex conjugate. 
have now shown that isolated calf-thymus 
histone behaves similar way and precipitated 
chloride titration with heparin 
with dextran sulphate. Addition 
equivalent quantities these polysulphates 
deoxyribonucleoprotein chloride 
leads the liberation deoxyribonucleic acid 
solution. Unchanged nucleoproteins and the in- 
soluble conjugate formed were removed 
fuging. Repetition the process thus led the 
preparation series deoxyribonucleic acid 
fractions. 


EXPERIMENTAL 


Materials 


Calf-thymus deoxyribonucleoprotein. material was 
extracted from minced glands (obtained immediately after 
slaughter) the method Daly, Allfrey Mirsky (1949). 
The product was reprecipitated four times from 
soln. and obtained gel centrifuging 000g. 
Where necessary, this was stored 18°. 

Fresh tissue (150 g.) 
was homogenized Waring Blendor for 
350 ml. soln. containing 
citrate. The solid material was separated centrifuging 
(4000 for min.) and washed twice with vol. 
trisodium citrate soln. The washed solid was then mixed 
rapidly Waring Blendor with vol.). After 
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the resulting viscous liquid was centrifuged 
(65 000g for min.) and the clear supernatant poured, 
with stirring, into water The ropy product was 
again reprecipitated from M-NaCl. The resulting gel 
(11-67 g., moisture content was collected and 
stored All manipulations were carried out 0°. 
specimen deoxyribonucleoprotein was treated with 
chloroform—pentanol the method Sevag, Lackman 
Smolens (1938) order obtain unfractionated deoxy- 
ribonucleic acid (DNA). 

Calf-thymus histone. The corresponding nucleoprotein 
g., dry wt.) was treated according the method 
Brunish, Fairley Luck (1951). The freeze-dried product 
was free from DNA judged modification 
the Dische diphenylamine test (Allerton, Overend 
Stacey, 1952). 

Sodium heparinate was supplied British Drug Houses 
Ltd. and had anticoagulant activity 130 units/mg. 

Dextran sulphate was kindly given Ricketts. 
The sample contained 13-6% 


Methods 


Pyrimidine and purine contents. Deoxyribonucleic acid 
fractions were hydrolysed with 72% (w/v) perchloric acid 
for hr. 100° and the bases the resulting hydrolysate 
were separated the method Wyatt (1951). 

Estimation histone. The following modification the 
Sakaguchi reaction was employed. Histone dissolved 
ml.) was mixed with (0-2 ml.) 
27°, hypochlorite (0-2 ml.) was 
added followed immediately (0-4 ml.) (cf. 
Weber, 1930; Albanese Frankston, 1945; Rosenberg, 
Ennor Morrison, 1956). The tubes were mixed for sec. 
27° and degassed for sec. the water pump. The 
colour was measured within min. cells with 
Hilger Spekker absorptiometer with Ilford filter 605 
(transmission max. Controls were performed 
simultaneously, only the histone being omitted. 

Under the controlled conditions employed, histone was 
determined accurately the above modification the 
Sakaguchi reagent (linear the range The 
main sources error were the fading the final colour 
and fluctuation its intensity during photometry. 
have made study the structure the coloured com- 
pound formed the reaction and this will described 
later. Histone preparations prepared different occa- 
sions the same method gave substantially the same 
colour yield histone=0-080 Spekker units, 
Ilford 605 filter). 

Determination histone content deoxyribonucleohistone. 
Calf-thymus deoxyribonucleoprotein (0-336 mg. 
dry wt.) was dissolved containing 
w/v, each). Samples 
ml.) the solution were removed and the histone 
content was determined. 

Reaction heparin with calf-thymus histone. series 
tubes each containing the histone dry wt.) 
(0-5 ml.), graded volumes heparin the 
same solvent were added. The volume each tube was 
40min. the tubes were centrifuged (2000 rev./min.) 


briefly and ml. the supernatant fluid was withdrawn 
for histone estimation. 
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Effect electrolyte concentration the solubility the 
complex. The effect increasing concen- 
trations sodium chloride was studied the following 
way. 

series seven tubes, each containing dry 
wt. histone was added varying 
amounts. The final volume each tube was adjusted 
ml. before addition heparin (19-2 ml. 
NaCl). Each tube was centrifuged and the soluble histone 
determined. 

Fractionation calf-thymus with 
heparin. Nucleoprotein gel (20-17 g., containing 78% 
moisture) was suspended and 
heparin (82-3 mg./5 ml. was added slowly 
with gentle agitation for min. The supernatant, obtained 
centrifuging 000 for min., was removed and 
its extinction was measured. The liberated 
DNA was isolated treatment with chloroform—pentanol 
(Sevag al. 1938). 

The unchanged nucleoprotein plus con- 
jugate was resuspended (0-45 ml.) and 
treated the same way with 82-3 mg. heparin. Repeti- 
tion this process yielded ten fractions DNA. The 
purine and pyrimidine contents these were determined. 

Fractionation ox-spleen deoxyribonucleohistone with 
heparin. Nucleoprotein gel (9-34 dry wt.) was suspended 
the previous experiment, with sodium heparinate (80 mg./ 
0-14m-NaCl.) The unchanged nucleoprotein and 
formed conjugate were separated after each stage 
centrifuging 4000 for min. (at 2°). Five fractions 
DNA were obtained. 

Determination dextran equivalent. The 
interaction the protein and polysulphate was investigated 
the same way the interaction. 
Additions were made histone (0-296 mg./ml. 0-14m- 
NaCl) and dextran sulphate (0-134 mg./ml. 
the first experiment and histone (0-514 mg./ml.) and 
dextran sulphate (0-210 mg./ml.) the second. 

Fractional displacement histone 
deoxyribonucleohistone dextran sulphate. Nucleoprotein 
gel (21 containing 414 mg. histone) was suspended 
(70 ml.) and dextran sulphate (15 mg./5 ml. 
was added slowly with agitation for min. 
The resulting mixture was centrifuged (72000g) for 
min. and the supernatant liquid containing liberated 
DNA was separated. After measurement the extinction 
this solution 260 the contained DNA was iso- 
lated the heparin fractionation. 

Seven fractions DNA were obtained further addi- 
tions dextran sulphate the residual nucleoprotein 
resuspended (50 ml.). 


RESULTS 


Stepwise addition sodium heparinate histones 
protein (Fig. 1). the end point, sodium 
heparinate was equivalent histone 
(dry wt. basis), assuming that all the heparin and 
histone present have then formed complex. 
Further addition heparin beyond the end point 
resulted some solubilization the complex. The 
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reaction was carried out soln. 
higher salt concentrations, the was 
progressively more soluble (Table 1). 

view the difficulties obtaining pure 
specimens heparin, the behaviour dextran 
sulphate was investigated. Like heparin, this 
polysulphate did not interfere the colorimetric 
estimation histone and gave linear precipita- 
tion this protein, forming dextran sulphate— 
histone complex insoluble (Fig. 1). 
the end point, dextran sulphate reacted 


Histone soln. dry wt.) 


Polysulphate added 


Fig. Titration calf-thymus histone polysulphates. 
Dextran sulphate (148 and 257 yg. histone were 
taken respectively); sodium heparinate 
histone was taken). Ordinate amount histone 
remaining solution after centrifuging off the poly- 
complex. For details see text. 


Table Effect sodium chloride concentration 
the solubility conjugate 


Each tube contains histone 
(0-5 ml.). The heparin solution contained heparin/ 
ml. Final volume, 1-3 ml. 


Sodium 
chloride Heparin Histone 
Tube (M) (ml.) 
0-14 0-3 29-2 
0-27 64-2 
0-40 0-3 
0-46 0-3 65-4 
1-0 71-2 
0-14 
0-67 81-6 


with histone (dry wt.). The resulting 
complex became more soluble addition 
excess the polysulphate. Similar findings have 
been reported (Krebs, 1954; Madsen Cori, 
1954) for the interaction phosphorylases with 
salmine. 

Assuming molecular weights 20000 
heparin (reviewed Foster Huggard, 1955) and 
000 for calf-thymus histone (Neurath Bailey, 
1953), the results indicate molecular composition 
1:6 (heparin: histone) for the end-point complex. 
likely that the main cationic groups the 
histone, contributing its reaction with polysul- 
phates, arise from arginine residues the 
peptide chain. Analysis calf-thymus histone 
Daly al. (1949) gave arginine content 
10-8 (w/w). Thus the complex 
virtually complete neutralization guanidino 
groups sulphate groups would seem have 

the dextran titration, 
assuming molecular weight 30000 for the 
former (Ricketts, 1951), the end-point complex has 
molecular composition 1:9 (dextran sulphate: 
histone). second modification the dextran 
complex also appears 
formed higher polysulphate concentrations, 
having the composition polysulphate 
148 histone, corresponding molecular 
composition 1:4 with group ratio 
assumed that the atoms are the 
form available sulphuric acid esters. 

trial experiment the histone content calf- 
thymus deoxyribonucleohistone was found experi- 
mentally between 68-5 and Stepwise 
addition, one-tenth portions, the calculated 
amount heparin necessary precipitate totally 
the histone fixed amount the nucleohistone 
yielded DNA fractions with compositions the 
These low values were traced impurities the 
heparin, some specimens which were contami- 
nated with uracil-containing substances, shown 
hydrolysis and chromatography. There was 
some evidence fractionation variations the 
base ratio the fractions and their dispro- 
portionate yields. With pure heparin, successful 
fractionation ox-spleen DNA was achieved. 
Five fractions were isolated, with the properties 
shown Table 

Under similar conditions, dextran sulphate gave 
seven fractions DNA from calf-thymus deoxy- 
ribonucleohistone (Table 2b). The products were 
free from the sulphur-containing impurities and, 
after hydrolysis, gave evidence the presence 
uracil. Control experiments showed that, the 
conditions described, nucleic acid was liberated 
the absence either polysulphate. 
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Table Displacement fractionation calf-thymus deoxyribonucleohistone with polysulphates 


Fraction no. 


(a) With heparin 
3-78 1-89 1-93 1-87 1-70 3-08 14-90 
8-60 8-21 8-07 6-02 4-42 7-60 8-55 
Guanine cytosine 
DNA recovered 14-6 36-0 27-4 34-4 38-4 44-2 
(mg.) 
2-73 3-08 2-93 2-66 2-20 6-25 6-64 
With dextran sulphate 
Guanine cytosine 
(mg.) 
Table Displacement fractionation ox-spleen deoxyribonucleohistone with heparin 
Values for repeat experiment are shown parentheses. 
Fraction no. 
Unfraction- 
14-90 14-71 14-82 14-86 14-79 14-86 
8-47 8-52 8-56 8-63 8-68 8-51 
N/P atomic ratio 3-82 3-77 (3-87) 
Purine/pyrimidine 1-13 1-07 1-06 1-05 0-95 1-03 (1-05) 
Adenine/guanine 0-94 1-01 1-08 1-07 1-22 1-10 
Thymine/cytosine 0-91 1-06 1-37 1-50 1-30 
Adenine thymine 
Adenine/thymine 1-15 1-00 1-08 0-95 0-88 0-96 
Guanine/cytosine 1-12 1-16 1-05 1-20 1-07 
DISCUSSION can regarded essentially ion-exchange 


envisaged that two factors (Lipshitz 
Chargaff, 1956) participate stabilizing the com- 
plex formed between DNA and proteins: (a) ionic 
electrostatic bonds different strengths between 
the acid and the polybase; e.g. nucleic acid rich 
guanine and cytosine may expected undergo 
weaker ionic interactions than DNA rich 
adenine and thymine reason internal bonding 
which can exist between the 2-amino group 
guanine and the oxo-group cytosine (Brown 
Watson, 1953); (b) secondary valence forces 
arising from the molecular configuration 

Results existing fractionations DNA 
sodium chloride extraction suggest that 
cytosine-rich DNA released preferentially. For 
the most part, these procedures are concerned with 
the solubility properties denatured nucleo- 
proteins. The polysulphate-displacement technique 


procedure and presents approach fractiona- 
tion undenatured nucleoprotein. With ox-spleen 
DNA the results are similar previous findings, 
early fractions having (adenine thymine)/(gua- 
nine+cytosine) values 0-93, and later frac- 
rising With calf thymus, early 
fraction, (adenine cytosine) 
=1-21, represents only small quantity the 
whole DNA, the predominating fraction having 
base ratio 1-02. 

case, however, has the recovery DNA 
been quantitative. heparin fractionations, 
62% the DNA was recovered and dextran 
sulphate fractionations, 75% was obtained. 
with other investigators (Crampton al. 19546), 
difficulty was experienced obtaining complete 
release DNA. Crampton al. (1954b) produced 
evidence that the yield DNA from denatured 
nucleoprotein related the degree poly- 
merization the nucleic acid. 


¥ 
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Since the polysulphate fractionation consists 
protein precipitation, seems likely that the 
separation involves further considerations, particu- 
larly regarding the nature the protein moiety. 
has been shown (Stedman Stedman, 1951; 
Davison Butler, 1954) that least two protein 
species differing markedly their arginine and 
lysine contents are present isolated calf-thymus 
deoxyribonucleoprotein. 

Lucy Butler (1955) concluded that guanine— 
cytosine-rich DNA was associated with the lysine- 
rich histone and the DNA 
with the arginine-rich histone. Later was shown 
(Lucy Butler, 1956) that the initial fractions 
obtained extraction with sodium chloride con- 
tained large excess protein over DNA. was 
concluded that this excess histone 
combined with DNA, and that had become 
detached from DNA which appeared subsequent 
fractions. this explanation correct and detach- 
ment occurs during isolation deoxyribonucleo- 
histone, likely that unattached free histone 
would detected the polysulphate displace- 
ment. each case, however, the initial addition 
the histone complex and the liberation DNA, 
which would unlikely free histone were present. 
tentatively suggested that detachment 
histone may occur denaturing the nucleohistone 
before salt extraction. 

Though the ‘histone’ used the present work 
almost certainly contains the two forms mentioned 
above, surprising that some distinction not 
apparent the titration with heparin dextran 
sulphate, view the different the 
guanidine group arginine and the amino group 
lysine. The present results would agree with the 
notion displacement the weak cationic 
protein (accompanied liberation guanine— 
cytosine-rich DNA) followed displacement 
more strongly ionic protein and the liberation 
the DNA. Further clarifica- 
tion this hypothesis could obtained ex- 
amination the content basic amino acids 
successive precipitates. 


SUMMARY 
Histones form conjugates with sodium 


heparinate and with dextran sulphate which are 
insoluble chloride. 

Stepwise addition subequivalent quantities 
these polysulphates undenatured deoxyribo- 


nucleohistone preparations results the liberation 
deoxyribonucleic acid fractions. 

The fractions from calf thymus have base 
ratios (adenine plus thymine:guanine plus 
sine) the range and those from 
spleen have values between 0-93 and 1-40. 

Results suggest that all the histone 
bined with deoxyribonucleic acid isolated 
deoxyribonucleoprotein. 
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Surprisingly little known about the amount, 
location, chemical combination and function 
calcium, magnesium and phosphorus foetal 
tissues. The present work was inspired this 
comparative ignorance coupled with the avail- 
ability some fresh, well-dated foetal material 
from the pig and the rabbit. Some human foetuses 
have also been analysed, and the relevant literature 
will mentioned with the presentation the 
results. Some information about the physico- 
chemical structure embryonic cells and fluids 
has already been published (Dickerson McCance, 
1957; McCance Dickerson, 1957; Widdowson 
McCance, 1956; McCance Widdowson, 1956). 


MATERIAL AND METHODS 


The pigs and rabbits were from the Department’s animal 
colony and were all healthy the time death. The pigs 
were the result original cross between Large White and 
Essex breeds with subsequent matings with Large 
White breed boar. The rabbits were Laboratory stock. 
The pigs were killed the slaughter house. Samples 
maternal blood were obtained there and the uteri re- 
moved and brought once the Laboratory. The mature 
human skeletal muscles were taken from the thigh during 
autopsies young adults killed suddenly street 
accidents and the foetal muscles, also from the thigh, were 
obtained after hysterotomy. The rest the human material 
was collected direct from the operating theatre some- 
one who attended for that purpose. All the samples 
foetal blood were obtained from the cord. Most the 
figures given are the averages determinations made 
two more individuals. studying the pig and the 
rabbit, material from several foetuses single gestation 
was generally pooled for analysis, All the determinations 
were made duplicate. 

The chemical methods employed were follows: 

The tissues, including foetal membranes, were cut 
finely with scissors and solids were determined drying 
weighed portions 100° constant weight. These samples 
were then ashed 450° and the ash was extracted with 
foetal fluids and tissue-ash extracts was determined the 
Clark and Collip modification the Kramer and Tisdall 
method (Hawk, Oser Summerson, 1954, 589). The ash 
extracts were brought 6-4 before precipitation. The 
oxalate the precipitate was determined adding 
excess ceric sulphate and measuring the excess, after the 
addition potassium iodide, titration with thiosul- 
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phate. After precipitation Ca, the was determined 
the supernatant fluid modification the Denis 
method (Hawk al. 1954, 593) which the precipitate 
was washed twice with aq. (v/v) soln. 1:20 
dilution conc. (sp.gr. 0-880) NH, soln. water]. 

The inorganic the adult serum was determined 
the method Fiske Subbarow (1925). the foetal 
serum and fluids turbidity developed when the molybdate 
reagent was added. The phosphomolybdic acid was there- 
fore extracted from trichloroacetic acid filtrates with iso- 
butanol and the alcoholic extract washed with n-H,SO, 
according the method Berenblum Chain (1938). The 
colour was then developed shaking the alcoholic phase 
with reagent used the 
Fiske Subbarow method. The blue aqueous phase was 
collected, made suitable volume and the optical 
density determined 700 comparison with blank 
and standard which had been similarly treated. The total 
the tissue and extracts was determined the Fiske 
Subbarow method after hydrolysis with few drops 
conc. H,SO, ensure that all was converted into ortho- 
phosphoric acid. 

The citric acid the allantoic fluid the pig was 
estimated the Pucher, Sherman Vickery (1936) 
method modified Hargreaves, Abrahams Vickery 
(1951). 


RESULTS 
Sera 


Calcium. Table shows that concentration 
calcium was higher sera from the mixed arterio- 
venous blood the two human foetuses than the 
corresponding maternal sera, but the latter were 
rather low compared with normal values for 
adults. depression maternal serum calcium, 
especially during the latter half pregnancy, has 
been repeatedly described (Bodansky Duff, 
1936; Harding, 1925; Wesselow, 1922; Ramsay, 
Thierens Magee, 1938, and Mull, 1936a, 
According Mull the concentra- 
tion the foetal serum, although always higher 
than that the maternal serum, determined 
the latter. This relationship between mother and 
foetus has been reported also later pregnancy 
and full term (Aburel Ornstein, 1930; Bogert 
Plass, 1923; Duckworth, 1942; Miletto Gerli, 
1947; Smith, 1951). Hallman Salmi (1953) 
added the information that the concentration 
calcium serum taken from the umbilical vein was 
greater than that serum from the artery. This 
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had previously been reported for cattle Matsuo 
(1933). The serum calcium the pregnant rabbit 
was normal for this animal, which may high 
even the non-pregnant individual (Schmidt 
Greenberg, 1935) and the figures for the foetus 
agree with those Matsuo (1933). The current 
findings indicate that the twenty-first day 
pregnancy the concentrations were not 
quite high mixed cord blood they were 
maternal serum, but Matsuo (1933) found them 
higher. The concentration calcium the mixed 
cord serum the foetal pig days from con- 
ception was certainly high comparison with 
values accepted normal for humans and adult 
pigs, for the average was nearly against about 
ml. the corresponding maternal 
serum. 

Magnesium, phosphorus and solids. The concen- 
trations magnesium human sera were within 
the range usually found. Bogert Plass (1923) and 
Zaharesco-Karaman, Alexiu Ursu (1936) had 
previously found the concentration magnesium 
foetal serum late pregnancy similar to, 
higher than, that maternal serum. The present 
findings are too few and too variable allow any 
firm statement made about early pregnancy. 
The concentrations magnesium foetal and 
maternal sera the rabbit were notably high, and 
both the pig and rabbit the serum magnesium 
was higher the foetus than the mother. The 
figures for phosphorus are few number, but the 
high figures all three foetal sera are accord- 
ance with the findings previous investigators 
(Needham, 1931). The information about solids 


ECONOMOU-MAVROU AND McCANCE 


reflects what was already known about proteins 
(Widdowson McCance, 1956), and unless the 
serum proteins the foetal side the placenta 
differ binding capacity for calcium and mag. 
nesium from those the maternal side there are 
some problems solved about ionization and 
solubility the foetal extracellular fluids. 


Skeletal muscle 


Table summarizes the results; those for the 
adults are the same order those reported 
many previous investigators. The figures for the 
foetal tissues all differ similar respects from those 
for adults the same species. Thus the calcium 
concentrations foetuses were five times 
those adults. Magnesium and phosphorus were 
only about half great and the solids were much 
lower. Few previous investigators have interested 
themselves these tissues, but Sheldon Ramage 
(1931) commented the weak spectral lines given 
the magnesium foetal muscle. 


and allantoic fluids 


Table contains the results which have been 
obtained for the solids, calcium, magnesium and 
inorganic phosphorus the amniotic fluids the 
human foetus three stages pregnancy, for the 
pig days after copulation and for the rabbit 
days. The fluids have been analysed 
numerous investigators various stages 
pregnancy. The present figures are general 
agreement with those Abdine, Ghalioungui 
Ridi (1954); Cantarow, Stuckert Davis (1933); 


Table Concentrations solids, magnesium and phosphorus the serum 
and skeletal muscle man, pig and rabbit 


The number observations and their range follow each (average) figure. 


Serum Muscle 
(days) 100 ml.) 100 ml.) 100 ml.) (g.%) tissue) fresh tissue) tissue) 
Human 
Adult [2] 8-08 [2] 2-21 [2] [1] 23-8 [4] 5-64 [4] 22-7 [4] 202 [4] 
Foetus 4-0 [2] 8-99 [4] 2-77 [4] 14-9 [1] 12-3 [9] 13-3 [8] 11-7 113 [9] 
Pig 
Sow 2-60 [8] 4-6 [8] 26-0 [8] 218 [8] 
Foetus (46) 3-8 [2] 17-6 [4] 3-79 [5] 13-6 [1] 8-4 [7] 14-7 [5] 10-4 [7] 84-9 [7] 
Rabbit 
Doe 8-13 [3] 15-7 5-47 [4] 9-39 [2] 24-6 [4] 4-76 [4] 29-2 [4] 237 [4] 
Foetus (21) 2-6 13-0 [3] 6-93 [3] 14-4 [1] 9-95 [4] [4] 13-8 [4] 152 [4] 
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ins Davies Routh (1957); Matsuo Makepeace, 
Fremont-Smith, Dailey Carroll (1931); Paton, 
Watson Kerr Shrewsbury (1933). 


Uranga-Imaz Gascon (1950) and Uyeno (1919) 
found much less magnesium, but their technical 
methods may have been fault. The amniotic 


fluid dogs (Childs 1942), cows 
(Abdine al. 1954; Déderlein, 1890; Matsuo, 1933; 
Paton al. 1908-9; Sato, 1938), goats (Abdine 
al. 1954) and sheep (McDougall, 1949; Malan, 
Malan Curson, 1937; Paton al. has also 
been examined. neglecting isolated findings 
seems reasonable say that there not seem 
large variations from one species another 


the composition amniotic fluid, from one stage 
pregnancy the next. 
Table also gives the solids, calcium, magnesium 
and inorganic phosphorus the allantoic fluid 
the pig days and days after mating, and 
the rabbit days. The allantoic fluids the 
pig were analysed incompletely unstated times 
during gestation Paton al. and 
reported contain mg. calcium and mg. 
magnesium/100 ml. The stage gestation 
clearly important the pig, not only for calcium, 
but also for sodium, chloride and potassium 
Dickerson, 1957). Childs Eichel- 
berger (1942) studied the dog, but only late 
stage pregnancy, and found and mg./ 
100 ml. for and magnesium respectively. 
The stage pregnancy may make big difference 
the composition the allantoic fluid the 


sheep, for McDougall (1949) found over mg. 
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calcium and than 0-1 mg. phosphorus two 
and 12mg. inorganic phosphorus 
days. Malan al. (1937), however, did not 
find such difference. The present figures for the 
rabbit agree with those Davies Routh (1957) 
and McCance Dickerson (1957). 

The presence much calcium and inorganic 
phosphorus the allantoic fluid the rabbit 
days and that the pig days raised the 
question how the calcium was maintained 
solution. Determinations citrate were therefore 
made pig fluid and the concentrations compared 
with those calcium. The results are shown 
Fig. and indicate that the high concentrations 
calcium were accompanied concentrations 
citrate quite large enough play major part 
maintaining them solution. The correlation 
coefficient between the calcium and the citric acid 
allantoic fluids the pig was 0-79 The 
only previous work found the citric acid 
embryos concerns the amounts whole bodies. 
Dickens (1941) found these range between 12-4 
and 16-2 mg./100 mice and between 9-4 and 
mg. 

There was wide spread the concentrations 
both magnesium and phosphorus the allantoic 
fluids the pig, and Fig. demonstrates the re- 
lationship which has been found between them. 
The correlation coefficient was 0-83 The 
slope the best line drawn through the points 
calculated the method least squares and the 
points calculated the method least squares 


Table Concentration solids, magnesium and inorganic phosphorus 
the foetal fluids man, pig and rabbit 


The number observations and their range follow each (average) figure. Standard deviations have been given where 


the numbers justified them. 
Amniotic fluid 


cr 


fluid 


foetal age Solids (mg./ (mg./ (mg. Solids (mg./ (mg./ 
(days) 100 ml.) 100 ml.) 100 ml.) 100 ml.) 100 ml.) 100 ml.) 
Human 
119-126 1-3 [2] 7-35 [2] 1-64 [2] 
term 1-26 [8] 8-0 [8] 0-95 [8] 2-02 [5] 
19-21 1-1 [11] 5-83 [18] 1-75 8-56 [28] 
+0-42 +1-42 +1:3 +1-98 
1-38 9-69 [24] 4-04 [30] 1-69 [27] 1-05 [27] [35] 
+0-87 +0-22 +0-89 +0-64 
Rabbit 
1-21 [2] 10-9 [10] [1] 1-2 [3] 26-2 [5] 22-6 [5] 
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and the point where cuts the abscissa suggests 
that after the concentration phosphorus rose 
above ml., approximately atom 
magnesium accompanied every atoms 
phosphorus. The relationship between magnesium 
and phosphorus the pig’s amniotic fluid was 
somewhat different, and there was less variation 
the concentration either element. The atomic 
ratio the total magnesium the total phos- 
phorus was about 1:1-7 (Table 2). 


Membranes 


Table gives the quantities solids, calcium, 
magnesium and total phosphorus various foetal 
membranes man, pig and rabbit. Figures are 


Calcium (mg./100 


Citric acid (mg./100 ml.) 
Relationship between calcium and citric acid the 
allantoic fluid of the pig. x, Allantoic fluid at 46 days; 
allantoic fluid 19-21 days. 


2:00 


Magnesium (mg./100 ml.) 


Inorganic (mg./100 ml.) 
Fig. Relationship between magnesium 
the allantoic fluids the pig. Allantoic fluid 
46 days; @, allantoic fluid at 19-21 days. 
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also given for the endometrium the pig two 
stages pregnancy, for Wharton’s jelly from the 
inner surface the amnioallantochorion the 
forty-sixth day, and for some umbilical cords. 
published figures for magnesium and phosphorus 


have been found, and the only analytical informa. 


tion about calcium concerns human membranes 
and cord near term. The present figures for the 
concentrations in, such membranes are 
much lower than those reported Burg 
Csabay (1930) unless these authors expressed their 
findings terms 100 ash. they did, the 


present findings agree with theirs. Our figures agree 
with those Lévy, Sapir, Walter, Vellay 


Mignon (1951), who found mg. calcium; 
100 fresh cord tissue. 

The figures for the pig indicate that there 
considerable build-up calcium these 


branes between the twentieth and forty-sixth days 


pregnancy. first there was significant 
difference between the endometrium the 
membranes, but later the membranes contained 
much more than the endometrium. 
amount histochemical work has been done 
previously this animal. (1937) found 
deposition calcium the foetal membranes 
the pig beginning days and ending 
days foetal age. This deposition occurred 
regularly, and was diffuse 
allantochorion. The calcium was laid down mainly 
the ‘ground substance’ but also inside the cells 
and around the vessels. (1937) considered 
that constituted depot for foetal needs. 
Wislocki Dempsey (19466), using the Bodian 
protargol reaction, found calcium the cells 
the chorionic villi, chorionic fossae and the stroma 
the chorion adjacent the allantoic membrane 
the pig. They stated that calcium was deposited 
throughout early and middle pregnancy, but that 
later disappeared. They thought that the pro- 
cess the pig was physiological one, probably 
associated with foetal ossification. the con- 
trary, however, they considered that the calcifica- 
tion the placenta rodents, cats and human 
beings was aspect ageing (Wislocki 
Dempsey, 1945, 1946a; Wislocki, Deane 
Dempsey, 1946). Wislocki Dempsey also 
found that the uterine glands the pig gave strong 
reactions for calcium. 

Brambell (1933) also described deposits 
infiltrating the foetal membranes the pig 
between the allantois and the chorion. regarded 
them storage places for excess salts not used 
the foetus. The calcification began about 
days and rose peak 35-55 days 
gestation. 

The present results support very general way 
these earlier findings. Note, however, the high 
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Table Concentration solids, calcium, magnesium and total phosphorus the foetal membranes 
and adjoining tissues man, pig and rabbit 


Species and 
foetal age 


Figures denote the average and the range. 


Solids 


(days) Tissue (g. 
Human 
105 Amniochorion 9-6 
182 Amniochorion 
term Amnion 10-4 
Chorion 
Amniochorion 14:3 
Pig 
19-21 Endometrium 10-0 
Allantochorion 
Endometrium 
Amnioallantochorion 
Amnion 
tips 
term 
Wharton’s jelly 
Cerd 
term Cord 10-1 
Inverted yolk sac 16-6 
(14-1-18-9) 
Amnion 
Allantois 


Total 
(mg./100 (mg./100 (mg./100 
tissue tissue tissue No. 
143 8-2 101 
6-9 109 
(7-5-41-0) 
14-2 7-2 101 
(13-4-15-6) 
14-2 90-4 
(10-2-19-9) (67-7-113) 
61-0 
9-95 5-4 68-0 
10-6 115 
123 8-4 115 
26-0 46-4 
46-2 99-1 
(25-6-170) 
9-2 68-0 
17-9 
44-6 
(13-5-17-4) 
20-0 9-0 
28-3 14-9 179 
(20-9-37-4) (12-2-18-7) 
99-7 84-4 
(98-0-101) (79-7-89-0) 
28-1 12-7 44-0 


~— 


concentration calcium the twenty-first day 
pregnancy the rabbit’s amnion, which not 
humans contact with chorion. The rabbit’s 
amnion appears differ considerably chemical 
composition, but not total solids, from the 
human amnion term. Other points Table 
which seem justify mention are the following. 
(a) All the results require consideration terms 
total solids, for the latter varied considerably and 
unpredictably. Contrast, for example, the findings 
for the pig’s allantochorionic and amnioallanto- 
chorionic structures. The large amount solid 
matter the inverted yolk sac the rabbit was 
probably partly responsible for the high concen- 


trations calcium, magnesium and phosphorus 
it. (6) and phosphorus varied more less 
independently. (c) There was high concentration 
magnesium the amnion the rabbit, and 
very low one the human amnion term. These 
differences were not accompanied 
differences the amounts solids, but they were 
accompanied corresponding differences the 
concentration magnesium the amniotic fluids 
and sera, those the rabbit having high and those 
the human low values. (d) The figures for 
Wharton’s jelly were unlike those for any the 
membranes. The concentration how- 
ever, was much the same the cord. 
Bioch. 1958, 
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DISCUSSION 


Skeletal muscle 


The tissue analysed consisted mixture intra- 
cellular and extracellular material. These differ 
chemical composition, and adult muscle contains 
less extracellular material than foetal muscle. 
safe say that the low concentrations mag- 
nesium and phosphorus foetal muscle were 
partly due this, for extracellular fluid all ages 
always contains much less these two elements 
than skeletal-muscle cells. Figures for the com- 
position extracellular fluid can derived from 
analysis serum; and making certain 
assumptions about the exclusively extracellular 
position chlorides possible derive the 
composition the cells. This less exact, how- 
ever, for calcium, because some the calcium 
the serum bound protein, and consequently 
the concentration the interstitial fluids within 
the muscle may expected lower than that 
the serum. How much lower roughly known 
for the adult but not for the foetus, and the 
differences the relative concentrations the 
various proteins the serum make difficult 
approximate. When, however, was assumed that 
all the chloride the muscle samples was extra- 
cellular and that the extracellular fluids the 
foetus contained great concentration calcium 
the serum, whereas those the adult contained 
only 50% much, the figures shown Table 
were obtained. the figures given Toribara, 
Terepka Dewey (1957) for ultrafiltrable 
adult human serum are correct, 50% perhaps 
too low figure have taken, but some the 
the foetal serum must bound 
proteins and allowance has been made for this. 
The values for the cells are probably the 
lowest which reasonable take, and 
probable that, unless calcium bound some in- 
soluble form outside the muscle cells the foetus, 
the foetal-muscle cells contain more, possibly con- 
siderably more, calcium than those adults. This 


may explained the observation that much 
the calcium within the cell the nucleus (Scott, 
1932; Gulick, 1944; Chirman, 1946) and the 
histological indications are that the 
cells the foetus contain relatively more nuclei and 
less cytoplasm than those the adult. 

When the concentration magnesium within 
the cells was calculated similar assumptions, 
was found that the cells foetal muscle contain 
least much magnesium those adult 


Membranes 


The high concentrations calcium certain 
stages pregnancy invite further investigation, 
the changing concentrations magnesium and 
phosphorus, although these may not great 
(cf. results from the pig). There reason suppose 
that the high concentrations calcium are 
functional (Hépping, 1937; Wislocki Dempsey, 
1946b), but there little information its state 
combination. This subject requires reinvestiga- 
tion new techniques the light the associa- 
tion between calcium and citric acid the 
Pathological deposits calcium are often finite 
granules calcium and phosphorus 
ratio about 2:1 weight. These are visible 
microscopically and often radiologically as, for 
instance, are the deposits the placenta the 
late stages human (Dawson, 1953; 
Fleming, 1943; Linsman Chalek, 1952; Masters 
Clayton, 1940; Simon, 1951; Teacher, 1935; 
Wehefritz, 1925), which have been stated 
hereditary characteristic (Solomons Falkiner, 
1946; Solomons, 1949). X-rays not show the 
calcium the membranes the placenta the 
early and mid stages pregnancy, when this organ 
contains about fresh material 
(Masters Clayton, 1940). 

From the figures given Table clear that 
there always enough phosphorus provide both 
for deposits 2:1 ratio and for its other functions 
the cell, but there evidence that calcium 
deposited. 


Table Concentrations calcium and magnesium expected within the cells adult 
and foetal skeletal muscle 


assumed that 50% the calcium and 60% the magnesium adult serum and 100% the calcium and 
magnesium foetal serum was ultrafiltrable and that all chlorides were extracellular. 


Calcium 
Species and 


(mg./100 cells) 


Magnesium 
(mg./100 cells) 


(days) Foetus Adult Foetus Adult 
Human 
105-154 20-4 26-6 
Pig 
43-46 9-6 26-0 
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Serum and fluids 


Although the concentration calcium the 
foetal serum was found higher than that the 
maternal serum only days’ gestation the 
pig, must accepted from the literature the 
rabbit and other animals that this quite usual 
finding during foetal life. Determinations 
citrates foetal serum date not suggest 
that they play much part maintaining this 
solution. The concentration mag- 
nesium foetal serum may also frequently exceed 
that maternal serum, and the concentrations 
calcium and magnesium the other foetal fluids 
are often different from those either the foetal 
maternal serum that these differences must 
created and maintained active cellular meta- 
bolism. case has been made out for supposing 
that the allantoic fluid the rabbit largely the 
product the foetal mesonephros (Davies 
Routh, 1957), but until some functional studies 
this organ have been made will impossible 
sure. The allantoic fluid the pig, least the 
earlier stages its development, probably formed 
some other way (McCance Widdowson, 1954), 
but, even the organ concerned and its location 
were known, the problem would have only been 


defined. 
SUMMARY 


magnesium and phosphorus have 
been determined the serum, skeletal muscle, 
membranes and the rabbit days’ 
gestation, the pig and days, and the 
human foetus several stages gestation. 

the foetal muscles the concentrations 
calcium were higher, and magnesium and 
phosphorus lower, than those adults. The 
calcium was probably intracellular. 

Foetal serum may contain more calcium, 
magnesium and inorganic phosphate per unit 
volume than the maternal serum. 

The amniotic membranes and the allantoic 
fluids may contain high concentrations calcium. 

When there was much calcium the 
fluid the pig was accompanied and probably 
maintained solution high concentrations 


The authors are grateful Terry and Stan Cowen for 
their care the animals, and Drs Holman and Margaret 
Stanier for technical advice. Widdowson pro- 
vided many the ashextracts muscle, and the figures for 
chloride space. 
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has been shown previously that the phospho- 
protein fraction brain implicated the rapid 
changes energy-rich phosphates which occur when 
electrical pulses are passed through cerebral slices 
vitro (Heald, 1957a). This result was obtained 
when the cerebral tissues were initially fixed 
trichloroacetic acid and the phosphoprotein frac- 
tion was determined the method Strickland 
(1952). Further work, which brain slices were 
first fixed lipid extractant and later extracted 
with dilute alkali, gave clear indication the 
presence such phosphoprotein fraction 
the tissue (Heald, 1957b). was suggested that 
possibly the phosphoprotein, originally measured, 
was stable acid-degradation product more 
labile phosphate which was split yield inorganic 
phosphate under alkaline conditions. pursue this 
work seemed necessary try characterize the 
phosphoprotein means specific component 
and also try resolve the discrepancy mentioned 
above. 

This paper describes experiments showing that 
the phosphoprotein fraction, when obtained from 
cerebral tissues which had first metabolized radio- 
active phosphorus and were subsequently fixed 
trichloroacetic acid, contains radioactive phos- 
phorylserine. When this work was almost com- 
pleted the author became aware paper 
Ivanova Pravdina (1956) also 
describing the isolation phosphorylserine from 


brain. Identification the product 
authors does not appear have been entirely 
unequivocal. 


MATERIALS AND METHODS 


Tissues and media. Slices guinea-pig cerebral cortex 
were incubated with radioactive phosphate media con- 
taining glucose and buffered with 2-amino-2-hydroxy- 
methylpropane-1:3-diol (Heald, Generally 
slices 100-150 mg. wet wt. were obtained from each 
cortex. For short-term experiments, which electrical 
pulses were applied for brief periods, the apparatus and 
techniques used were those described previously (Heald, 
1956b). such experiments, since the radioactivity the 
phosphorylserine finally isolated was low, slices from two 
three animals were pooled for each experiment. all cases 
slices from one cerebral hemisphere served controls for 
slices from the other hemisphere any one animal. 

Longer experiments, which slices were incubated with 
radioactive phosphate for were carried out 
conventional manometric apparatus. All incubations were 

Electrical pulses. These were condenser pulses supplied 
and were 15v peak potential and duration 0-4 
0-5 

Radioactive phosphate. This was obtained carrier-free 
orthophosphoric acid and was treated 
Ennor Rosenberg (1954) before use. 

Preparation the phosphoprotein fraction. After incuba- 
tion, tissues were fixed either 10% 
acetic acid (2:1, v/v). From tissues 
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fixed trichloroacetic acid, the phosphoprotein fraction 
was prepared methods described previously (Heald, 
1957a). With tissues fixed the ex- 
traction procedure described Heald was 
carried out the end the washing with 
this point the tissue residues were either treated with 
ice-cold 10% (w/v) trichloroacetic acid directly were 
extracted with aq. soln. before treatment with 
trichloroacetic acid. The residues were extracted remove 
nucleic acid and yield the phosphoprotein fraction. All 
residues were hydrolysed for hr. 100° the 
presence phosphorylserine, added quantities varying 
radioactive phosphorylserine released hydrolysis. 

Separation phosphorylserine from the hydrolysates. 
Phosphorylserine was separated from the acid hydrolysates 
two methods. the first method, which was modi- 
fication that Kennedy Smith (1954), the hydrolysates 
were made alkaline phenolphthalein with ammonia and 
diluted reduce the concentration ion below 
The diluted hydrolysates were then passed through 
column (10 cm. Dowex-1 chloride (200-400 
mesh; cross-linked). The column was washed with 
water and the radioactive phosphates were eluted with 
Both inorganic phosphate and phosphoryl- 
serine were eluted together. The residue obtained 
freeze-drying the eluate was chromatographed paper 
with the acetate-ethanol solvent Kennedy Smith 
(1954). Phosphorylserine was well separated from inorganic 
phosphate, phosphorylcholine and phosphoryltyrosine 
this solvent. was not separated 
threonine phosphorylhydroxyproline. After detecting 
phosphorylserine either with ninhydrin the molybdate 
reagent Hanes Isherwood (1949) the spots were cut 
out and digested for the determination phosphorus and 
radioactivity described previously (Heald, 1956a). 
Paper chromatography was necessary since, contrast 
with the results Kennedy Smith (1954), was not 
found possible remove all the radioactive inorganic 
phosphorus from the acid hydrolysates magnesia 
mixture before ion-exchange chromatography. 

the second method, which most use was made and 
which was essentially that Schaffer, May Summerson 
(1953), the acid hydrolysates were freeze-dried the 
presence NaOH pellets and the residues, dissolved 
2ml. were chromatographed column 
from Jepson), with the eluent. The 
separation inorganic phosphate and phosphorylserine 
was extremely good. this column inorganic phosphate 
appeared fractions 4-10, phosphorylserine fractions 
25-35, and phosphorylthreonine fractions 38-48. 
Reproducibility was good and the phosphorylserine eluted 
appeared almost entirely free from 
nine. The tubes containing the phosphorylserine peak were 
combined and concentrated before samples were taken for 
the determination the total phosphorus and radioactivity. 

Phosphorylated amino acids. Phosphorylserine, phos- 
phorylthreonine, phosphoryltyrosine, phosphorylhydroxy- 
proline and phosphorylcholine were gifts from 
Webster. Phosphorylserine, prepared from casein 
collaboration with Pratt, was also obtained 
method modified from that Agren, Verdier Glomset 
(1951). 
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Casein was extracted with hot ethanol and 
acetone and the residue was hydrolysed for hr. under 
reflux with 31. The solution was cooled and 
made alkaline phenolphthalein with cone. aq. NH, soln. 
Barium acetate (25 100 ml. water) was added and 
after standing for hr. the solution was filtered and the 
filtrate added the washings obtained below. The residue 
was taken 500 ml. water, the suspension was dis- 
solved addition acetic acid, and barium phosphate 
was precipitated making the solution alkaline with 
ammonia. The suspension was filtered and the residue was 
washed with water. The combined filtrates from all stages 
together with the washings amounted 41. equal 
volume ethanol was added and after standing overnight 
the precipitate was filtered off. The residue was dissolved 
500 ml. water, brought 4-6 with acetic acid and 
filtered; the filtrate was treated with ml. saturated 
lead acetate. The precipitate was decomposed with H,S and, 
after removing the H,S stream the lead salts 
were again precipitated. This was repeated four times. The 
final solution still contained much inorganic phosphate and 
was treated 8-2 with barium acetate. After filtering, 
the barium salt phosphorylserine was precipitated with 
vol. ethanol, yielding 0-5 The sample contained 
phosphorus and ran single phosphorus- 
containing ninhydrin-positive spot, not separable from 
synthetic phosphorylserine, acetate-ethanol. 
Dowex-50 the major phosphorus-containing peak coincided 
with that yielded synthetic phosphorylserine the 
same column. 

Analytical methods. The methods used for the determina- 
tion phosphorus and radioactivity have been described 
previously (Heald, and were used without modifica- 
tion. 

Units. The specific radioactivity defined the counts 
The relative specific radioactivity defined 
compared with the specific radio- 
activity the inorganic phosphorus the incubation 
medium. Methods and procedures for this have already 
been described (Heald, 


RESULTS 


cerebral phosphoprotein tissues fixed tri- 
chloroacetic acid 


Since the amount cerebral phosphoprotein 
rather low P/g. wet wt. cerebral 
tissue) phosphorylserine acid hydrolysates was 
identified co-chromatography with inactive 
phosphorylserine added carrier. Tissues were 
incubated for min. with radioactive 
phosphate/slice, fixed trichloroacetic acid, and 
the phosphoprotein fraction was isolated and 
hydrolysed. When such hydrolysate was chro- 
matographed upon Dowex-50 two peaks were 
obtained (Fig. 1). The first peak corresponded 
the position occupied inorganic phosphate and 
the second corresponded that phos- 
phorylserine when inactive samples these two 
phosphates were chromatographed upon the same 
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column. other peaks were eluted HCl 
concentrations The second peak corre- 
sponded 10-15% the total counts the 
esterified phosphorus present the hydrolysate. 
Fig. are shown the distributions phos- 
phorus and radioactivity the individual fractions 
the second peak Fig. Both followed the 
same curve, indicating that the peak consisted 
single entity. another experiment the specific 
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Fig. Fractionation acid hydrolysate cere- 
bral phosphoprotein fraction upon Dowex-50 
(20 cm. fraction volume, 
Peak inorganic phosphate; peak phos- 
phorylserine. Counts peak not recorded the 
figure were: 2059, 798, 931, 892, 5264 and 1062 
respectively. 


160 


sample 


o 


> 


Sample no. 


Fig. Diagram showing the equivalence total phos- 
phorus (@) and radioactivity the individual frac- 
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radioactivity the total phosphorus such peak 
was 22-4. sample the pooled fractions com. 
posing the peak was freeze-dried and chromato. 
graphed upon paper the solvent 
Kennedy Smith (1954). single 
positive spot containing radioactive phosphorus 
was detected running the same rate specimen 
synthetic phosphorylserine. other 
ponent was detected either ninhydrin 
measurements radioactivity other areas the 
paper. Determination the specific radioactivity 
the spot yielded value 21-8, indicating 
real change from the specific radioactivity the 
original peak. When rechromatographed upon the 
same Dowex-50 column the second peak was re- 
eluted the same point, other components 
being present. seemed clear that 
serine was the only component the second peak 
shown Fig. experiments which the 
hydrolysates had first been chromatographed upon 
chloride and the radioactive peak re- 
chromatographed upon paper, spot containing 
both radioactive phosphorus 
positive material other than that corresponding 
phosphorylserine could detected. 


Effect electrical pulses upon the incorporation 
phosphate into phosphorylserine 


has been shown previously that the rate 
incorporation radioactive phosphate into cerebral 
phosphoprotein increased the brief passage 
electrical pulses through the cerebral slices (Heald, 
Since phosphorylserine had been found 
component the phosphoprotein fraction 
was interest see whether its specific radio- 
activity was also increased passage impulses 
under similar conditions. these experiments 
identical amounts tissue were used for the 
control and experimental slices 
quantities carrier phosphorylserine were added 
the phosphoprotein residues before hydrolysis. 


Table Effect electrical pulses upon the specific 
radioactivity phosphorylserine isolated from 
slices guinea-pig cerebral cortex 


if 
For details see Methods. Pulses were 
condenser pulses, 15v peak potential, 0-4 m-sec. duration. 
They were applied for sec. Values are the specific radio- 


Specific radioactivity 
phosphorylserine isolated 


Expt. Slices with Slices without Increase with 
no. pulses pulses pulses 
3-9 2-48 +1-42 
6-51 5-75 
1-33 1-03 
2-80 
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The results applying pulses for sec. cerebral 
tissues which had been allowed metabolize 
radioactive phosphate for are shown 
Table all cases pulses induced marked 
increase the specific radioactivity the phos- 
phorylserine. 


Phosphorylserine from tissues fixed 


Since phosphorylserine could clearly used 
indication the presence the phospho- 
protein fraction being investigated, was sought 
residues from tissues which had first been degraded 
and then treated with 
ammonia described above. After such treat- 
ment, tissues were washed with trichloroacetic acid 
and the phosphoprotein fraction was isolated and 
hydrolysed. When fractionated upon Dowex-50, 
the hydrolysates such experiments were found 
contain peak corresponding the position 
phosphorylserine. any one experi- 
ment the counts this peak were roughly equal 
the counts similar fraction derived from control 
tissues which had been initially fixed trichloro- 
acetic acid. Analysis the peaks showed that the 
phosphorus content each fraction when plotted 
against the counts/min. followed curve similar 
that shown Fig. Rechromatography such 
peak again yielded single fraction, which was 
eluted from the column the same point the 
original fraction. When freeze-dried and chromato- 
graphed upon paper single 
ninhydrin-positive phosphate-containing spot was 
detected. other radioactive component was 
found the paper. The presence 
serine the hydrolysates was not due combina- 
tion radioactive inorganic phosphate with 
serine residue during hydrolysis, for when non- 
radioactive phosphoprotein fraction was hydro- 
lysed with added radioactive phosphorus only 
inorganic phosphate was detected upon chromato- 
graphy the freeze-dried hydrolysate upon 
Dowex-50. 


DISCUSSION 


The main features the work described here are, 
first, the demonstration phosphorylserine the 
sole radioactive phosphorylated amino acid present 
hydrolysates radioactive cerebral phospho- 
protein; and, secondly, that the phosphorylserine 
increased specific radioactivity when derived 
from tissues metabolizing radioactive phosphate 
and subjected electrical pulses for brief period. 
Phosphorylserine well known component 
many naturally occurring phosphoproteins (see 
review Perlmann, 1955) and has been shown 
the sole phosphorylated amino acid which can 
isolated from phosphoprotein fractions liver 
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ascites cells (Kennedy Smith, 1954) after these 
tissues had metabolized radioactive phosphate. 
The present results now add the phosphoprotein 
brain this list. 

Although major component other than phos- 
that only 10-15% the total combined radio- 
active phosphorus the acid hydrolysates could 
accounted for the phosphorylated amino acid. 
This somewhat lower value than that 30% 
which has been found metabolic studies with the 
other phosphoproteins mentioned above. Possibly 
the differences here may lie the nature the 
phosphoprotein fraction which, brain, contains 
relatively large amounts phosphorus the form 
phosphoinositides and phosphatidopeptides. 

The demonstration that the phosphorylserine 
isolated increases radioactivity 
response electrical pulses clearly indicates that 
derived from part the phosphoprotein 
molecule which has previously been shown take 
part phosphate-transfer reactions the intact 
tissue slices (Heald, Evidence 
which has been presented previously (Heald, 
indicates strongly that brain this 
process cyclical nature. this respect 
phosphorylserine appears constitute anomaly, 
for such reactions require that the components 
taking part can transfer energy the form 
phosphate bonds and are thus presumably labile 
acid conditions, whereas phosphorylserine itself 
remarkably stable acid hydrolysis (Plimmer, 
1941). Whether phosphorylserine merely the end 
product hydrolysed protein pyrophosphate 
(Burnett Kennedy, 1954; Perlmann, 1955), 
the end product acid-catalysed shift 
phosphate from nitrogen oxygen (Elliott, 
1952; Wagner-Jaurreg Hackley, 1953), not 
known. 

The experiments described here not resolve 
the apparent anomaly, commented upon the 
introduction, between the results previously 
obtained with tissues fixed and degraded under two 
different conditions, for under both conditions 
phosphorylserine was present hydrolysates 
the phosphoprotein fraction finally obtained. 
would seem that the solution this and the 
other problems mentioned above must await 
isolation and study the phosphoprotein itself. 
this step, recognition phosphorylserine 
constituent should prove some assistance. 


SUMMARY 


Phosphorylserine has been isolated and 
identified acid hydrolysates the phospho- 
protein fraction brain. other phosphorylated 
amino acid was detected. 
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The phosphorylserine was found radio- 
active when derived from cerebral slices incubated 
with glucose the presence radioactive in- 
organic phosphate. The specific radioactivity the 
phosphorylserine was increased when derived from 
slices which had been subjected electrical pulses 
for period sec. 

indebted Professor for his interest 
and comments, Jepson for gift Dowex-50 
resin, Webster for gifts phosphorylated 
amino acids and Miss Valerie Gooch for competent 
technical assistance. 
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74. THE METABOLISM BENZHYDROL, BENZOPHENONE 
AND 
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known that many mixed aliphatic aromatic 
ketones, such acetophenone, are reduced the 
animal body the corresponding secondary 
alcohols (Smith, Smithies Williams, 1954a, b), 
but there seems information the liter- 
ature concerning the metabolic fate purely 
aromatic ketone, such benzophenone. study 
the metabolism this ketone, and its possible 
metabolites, benzhydrol 
phenone, was therefore undertaken. p-Hydroxy- 
benzophenone referred Schubenko (1893) 
being excreted such animals, but this 
appears now incorrect for the rabbit. 
previous study has been made benzhydrol, 
compound which has been suggested meta- 
bolite the antihistaminic drug, Benadryl 
(Glazko, McGinty, Dill, Wilson Ward, 1949; 
Glazko Dill, 1949). 

Freedlander (1942) has shown that benzophenone 
and number its derivatives have 
static properties vitro, the highest activity being 
shown 2:4’-dichlorobenzophenone. Benzhydrol 
and p-hydroxybenzophenone were less active than 
benzophenone itself. Benzophenone also has some 
herbicidal properties (Erickson 
1954). 

Part 73: Masri, Smith Williams (1958). 


Schlesinger, 


MATERIALS AND METHODS 


Benzhydrol, m.p. 68°, benzophenone, m.p. 49-50°, and 
p-hydroxybenzophenone, m.p. 132°, were commercial 
samples which were purified. The compounds suspended 
water were administered rabbits stomach tube. The 
urine the animals was analysed for conjugated gluc- 
uronic acid and ethereal sulphates the methods Paul 
(1951) and Sperber (1948) respectively. 


ISOLATION METABOLITES 


The glucuronic acid derivatives described below had 
negative rotations, and analogy with previously isolated 
metabolites (Bray, 1953; Teague, 1954) were supposed 

From benzhydrol. The urine which had received 
brown. did not reduce Fehling’s Benedict’s reagent, 
but when was heated with dilute acid oil separated 
rapidly which quickly turned red. The urine gave intense 
naphtharesorcinol reaction for glucuronic acid which 
developed very rapidly. This latter test indicated the 
presence relatively labile glucuronide. Attempts 
isolate this compound showed that rapidly decomposed 
temperatures were not kept low and prolonged exposures 
acid conditions were not avoided during its isolation. 

Benzhydrol g.) was fed each four rabbits and 
from the urine, collected for the succeeding hr., the 
basic lead acetate fraction was prepared in the usual way 
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(Kamil, Smith Williams, 1951). The lead was removed 
with H,S, and the aqueous filtrate containing the gluc- 
uronide was freed from H,S aeration and freeze-dried. The 
resulting glucuronide gum was methylated methanol 
with diazomethane and the product acetylated with 
pyridine and acetic anhydride. The acetylation mixture 
was diluted with water and the triacetyl ester the 
glucuronide separated gum which was dried vacuo 
over H,SO,. After several recrystallizations from ethanol, 
(350 mg.), m.p. 149° and (c, 0-75), 
was obtained white needles (Found: 

another experiment the amide the glucuronide was 
prepared. The gummy triacetyl ester, prepared 
above, did not crystallize readily. The ester was therefore 
dissolved dry methanol and the solution was saturated 
with dry NH, 0°. After the solution had been kept 
overnight, was concentrated small bulk and the amide 
diphenylmethyl formed very small 
white needles, m.p. 195° and 50% (v/v) 
aqueous ethanol (c, (Found: 61-4; 5-8; 3-85. 
compound did not lose water 110° (see Kamil al. 1951). 
When the amide (0-15 g.) was boiled under reflux with 
for cooled and then extracted with ether, 
benzhydrol (30mg.; m.p. and mixed m.p. 67°) was 
obtained. 

From p-hydroxybenzophenone. The ketone was 
administered two rabbits (dose 0-5 g./kg.). The hr. 
urine was non-reducing and gave weak naphtharesorcinol 
reaction due the stability the glucuronide. also gave 
with Brady’s reagent (2:4-dinitrophenylhydrazine 
HCl) precipitate which appeared hydrazone 
glucuronide. This compound, however, did not melt 
sharply after several recrystallizations and further investi- 
gation was abandoned. The basic lead acetate fraction 
the urine was therefore prepared. The lead was removed 
the usual way with and crystalline glucuronide 
(1-3 g.) separated the filtrate from the PbS. further 
yield 0-75 the crystals was obtained the same way 
from the normal lead acetate precipitate the urine. The 
glucuronide was purified recrystallization from water, 
and p-benzoylphenyl acid trihydrate was 
obtained white needles, m.p. 156° and 
ethanol (c, (Found: 53-4; 5-5; loss 110°, 12-6. 
glucuronide was very soluble ethanol, but sparingly 
soluble water. hydrolysis 0-5 the glucuronide 
with (50 ml.) boiling under reflux for 1-5 hr., 
cooling and extracting with ether, crude 
hydroxybenzophenone was obtained, which after recrystal- 
lization from aqueous ethanol had m.p. and mixed m.p. 

Methylation the glucuronide with ethereal diazo- 
methane yielded methyl 
uronate white needles after recrystallization from water 
and then from ethanol (m.p. 181°); 
ethanol (c, 0-6) (Found: 57-0; loss 110° 
vacuo, 6-0. requires 56-6; 5-7; 
85%). The determination the water content was 
rendered difficult the hygroscopic nature the de- 
hydrated compound. exposure air overnight the 
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compound completely regained its water. Acetylation 
the glucuronide (0-1 g.) with acetic anhydride (0-5 ml.) and 
drop 60% yielded 0-1 p-benzoylphenyl tri- 
acid, which crystallized from 
the acetylation mixture cooling. recrystallization 
from ethanol formed white needles, m.p. 228° and 
methyl ester with acetic anhydride and methyl- 
ation the triacetyl acid with ethereal diazomethane, 
yielded the same methyl (p-benzoylphenyl 
glucosid)uronate, which formed white needles from ethanol, 
m.p. 173° and (c, 0-5) (Found: 
60-6; 5-1. requires 60-7; 5-1%). 

From benzophenone. hr. urine rabbit which 
had been given benzophenone had properties similar 
that after benzhydrol had been given. The urine was 
neutral and did not reduce Benedict’s 
Fehling’s solution nor did give precipitate with Brady’s 
reagent, but gave rapid and intense naphtharesorcinol 
reaction. When was heated with dilute acid, oil 
separated which rapidly turned red. The urine was made 
with respect HCl and was heated for the 
boiling-water bath. The cooled red urine was continuously 
extracted with ether for hr. and the extract was dried and 
evaporated dryness. The red residue was dissolved 
ether and passed through alumina column cm. 
diameter, cm. long) and the column was eluted with light 
petroleum (b.p. The red pigment was left the 
column. evaporation the clear eluate, benzhydrol 
(0-1 g.) was obtained, m.p. and mixed m.p. 67°. Paper 
chromatography the urine NH, soln. 
(sp.gr. 0°88) (7:3, v/v) revealed one spot 0-5-0-6 
reacting with naphtharesorcinol, suggesting that only one 
glucuronide was being extracted. This glucuronide was 
isolated and proved benzhydrol glucuronide. Paper 
chromatography NH, soln. (sp.gr. 0-88) 
(7:3, v/v) the ether extract hydrolysed benzophenone 
urine showed only benzhydrol, 0-9, when viewed under 
u.v. light, and 4-hydroxybenzophenone was detected. 
Alkaline extraction this ether solution also yielded 
4-hydroxy benzophenone. 

benzophenone was fed two rabbits, and the other 
experiment g., the glucuronide was isolated systematic 
precipitation with lead acetate, very poor yield [40 and 
cosid)uronate, m.p. and mixed m.p. 147°]. Better yields 
were obtained preparing the amide. The glucuronide 
filtrate from the urine four rabbits which had been fed 
with 2g. each benzophenone was prepared from the 
basic lead salt and neutralized with NaHCO,. The solution 
was evaporated dryness vacuo. The dried product was 
dissolved little water and passed several times through 
column IR-100 resin until the solution was strongly 
acidic. was then evaporated vacuo below 40° gum, 
which was methylated with ethereal diazomethane. After 
removal the ether, the methyl ester was dissolved dry 
methanol and the solution saturated with dry 
NH,, and then kept overnight. Evaporation small 
bulk, followed addition little water, yielded 600 mg. 
glucosiduronamide, m.p. and mixed 
m.p. 195° and 50% aqueous ethanol 
(c, 
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RESULTS AND DISCUSSION 


The quantitative aspects the metabolism 
benzophenone and the corresponding alcohol are 
shown Table The main route metabolism 
benzophenone reduction the keto group 
yield benzhydrol, which excreted conjugation 
with glucuronic acid. Both benzophenone and 
benzhydrol yield the same labile glucuronide which 
readily decomposed dilute acid yield red 
solution (cf. the red colour obtained with benz- 
hydrol and sulphuric acid). The hydroxy] group 
benzhydrol relatively acidic since forms 
sodium derivative. Neither these compounds 
appears hydroxylated the aromatic ring 
and their metabolism mainly the following: 


p-Hydroxybenzophenone, contrast with benzo- 
phenone, not reduced vivo, but directly 
conjugated with glucuronic acid: 
The glucuronide readily isolated and relatively 
stable compared with the glucuronide benz- 
hydrol. thus appears that p-hydroxybenzo- 
phenone the keto group does not undergo reduc- 
tion, possibly because the compound 
readily metabolized the alternative reaction 
conjugation. Although p-hydroxybenzo- 


Table Conjugation benzophenone and 
related compounds the rabbit 


Dose: m-moles/kg. Urine was collected for hr. after 
dosage. Results are expressed means for three animals 
with ranges parentheses. 

Percentage dose 


excreted 
A 


Ethereal 

Compound Glucuronide sulphate 
Benzophenone (46-61) 
(48-77) 
p-Hydroxy benzophenone (47-92) 


phenone phenol, does not undergo the sul- 
phate conjugation which typical reaction 
vivo many phenols. 


SUMMARY 


Benzhydrol when given rabbits ex- 
creted acid labile glucuronide. The 
bolite was isolated and characterized. 

reduction the keto group takes place 
when p-hydroxybenzophenone administered, and 
the compound excreted stable glucuronic 
acid conjugate which was isolated. 

Benzophenone reduced the rabbit 
benzhydrol. The labile glucuronic acid conjugate 
benzhydrol which excreted was isolated, and 
production phenolic derivatives ring oxida- 
tion was not detected. 

ethereal sulphate conjugation was de- 
tected. 


The author grateful Professor Williams for 
suggesting this problem. 
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Williams, 1957) was shown that the relatively 
non-toxic salicylohydrazide was metabolized 
rabbits mainly direct conjugation, whereas the 
relatively toxic benzohydrazide 
hydrolysed benzoic acid (excreted hippuric 
acid) and hydrazine. was suggested that the 
toxicity benzohydrazide was probably due the 
release hydrazine vivo. Further examples 
toxic and non-toxic aroylhydrazines have now 
been examined the rabbit, and the results 
obtained with them seem support the above 
suggestion concerning their toxicity. p-Chloro- 
benzohydrazide and p-methylbenzohydrazide (p- 
toluoylhydrazine) have been found relatively 
substances whose main metabolites are the 
glycine conjugates the corresponding aromatic 
acids, whereas and p-hydroxybenzohydrazides 
and their acetyl derivatives are relatively non- 
toxic and are excreted mainly O-conjugates 
the hydrazides. 

Under certain vonditions the monoacetyl de- 
rivatives the benzohydrazides can dehydrated 
and converted into 1-oxa-3:4-diazoles: 


H,O 
The metabolism two these oxadiazoles has 
been studied, since they could metabolites 
certain benzohydrazides. evidence, however, 
was found that benzohydrazides were cyclized 
vivo. 


EXPERIMENTAL 


Materials and methods 


Reference compounds. Benzohydrazide and its p-chloro, 
p-methyl, and p-hydroxy derivatives are known com- 
pounds (see Beilsteins Handbuch, 4th ed.), and were pre- 
pared the standard procedure refluxing the corre- 
sponding carboxylic acid ethyl esters with 
hydrazine hydrate moles). p-Chloro-, p-methyl-, 
and p-hydroxy-hippuric acids were prepared from the 
corresponding hydrazides according the method Fox 


Part 74: Robinson (1958). 


Field 
m.p. 67°, was prepared from 
according Stollé (1912). All these compounds were 
recrystallized until their melting points agreed with those 
found the literature. 

Acetylation p-hydroxybenzohydrazide. (a) With acetic 
anhydride and sulphuric acid. p-Hydroxybenzohydrazide 
(50 g.) dissolved acetic anhydride (50 ml.) was treated 
with concentrated sulphuric acid ml.) and the mixture 
heated under reflux for min. cooling and pouring the 
product into cold water (500 ml.), 
(66% yield) separated and formed 
colourless plates from hot water, m.p. 123° (Found: 
60-1; requires 60-5; 4-6%). The 
oxadiazole (48 g.) was added 10% NaOH (w/v) (100 ml.) 
and the solution boiled for min. cooling and acidifying 
the solution, 2-p-hydroxyphenyl-5-methyl-1-oxa-3:4-diazole 
(86% yield) separated and formed white plates from hot 
water, m.p. 239° (Found: 61-7; 

(b) With acetic anhydride and sodium carbonate. 
Na,CO, (100 ml.), and acetic anhydride (25 ml.) was added 
slowly with stirring and cooling. The mixture was kept 
overnight, during which time 
hydrazine crystallized out. was recrystallized from hot 
water and formed white plates monohydrate 
yield), sparingly soluble water and cold ethanol, 
m.p. 172° (Found: 52-0; 5-45; 11-6; 7-1. 
adding this compound (45 g.) 10% 
NaOH (w/v) (200 ml.), dissolved. After the solution had 
been kept for 0-5 hr. was acidified with dilute and 
(91 yield) separated, 
with m.p. 250° from hot 
5:2; 

Acetylation m-hydroxybenzohydrazide. the pro- 
cedures outlined above for the para isomer, the following 
compounds were made: 
3:4-diazole, m.p. 116° (Found: 60-25; 4-7. 
requires 60-5; 2-m-hydroxyphenyl-5-methyl- 
m.p. 175° (Found: 61-4; 
2-acetylhydrazine monohydrate, m.p. 56° (Found: 52-25; 
monohydrate, m.p. 208° (Found: 50-7; 5-2; 12-7; 
H,0, 8-6. requires 50-9; 5-7; 13-2; 
H,0, 
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acid. p-Ethoxycarbonylbenzoylazide 
from 2g. (Davidis, 
1896) was shaken ether with (20 ml.) and 
glycine g.) for min. The ether was evaporated and 
acidification the aqueous residue yielded crystalline pre- 
cipitate p-ethoxycarbonylhippuric acid, which formed 
colourless plates from water, m.p. 189° (Found: 57-2; 

This ester (0-75 g.) was boiled for 0-5 hr. 
(13 ml.). The solution was cooled and acidified, and the 
crystalline precipitate which formed was recrystallized 
from hot water. p-Carboxyhippuric acid was obtained 
colourless plates, decomposing at 270-280 (Found: C, 
requires 53-8; 4:1; 63%; equiv. 
111-5). 
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The relevant absorption spectra the compounds used 
this work were measured Unicam SP. 500 spectro- 
photometer and are quoted Table 

Paper chromatography. For the detection metabolites 
urine and urine extracts, descending chromatography 
with Whatman no. paper was used. The three solvent 
systems used (A, and and values are given 
Table The following reagents were used detect com- 
pounds paper. 

Picryl chloride. According Kul’berg Cherkesoy 
(1951) hydrazine and chloride react give yellow 
colour which turns deep violet alkali. The paper was 
then dried and exposed fumes NH,. Hydrazides 
showed brown spots under this treatment. 

Ammoniacal AgNO,. ml.) was treated 
with one drop 40% (w/v) NaOH and the precipitate 


Table 


Benzohydrazide 


acid 


Ultraviolet absorption spectra benzohydrazide and its derivatives 


— 230 10-6 265 5-2 
254 14-4 256 255 8-2 
218 12-2 237 8-0 242 14-2 
295 290 280 11-0 
250 18-0 250 250 
270 270 18-8 305 46-5 
265 22-5 262 22-2 262 23-0 
254 17-0 252 14-5 238 25-8 
302 4-2 300 2-4 325 
252 252 252 
293 2-9 287 3-3 287 3°3 
240 20 — 
280 


Table 


values some benzohydrazides and their derivatives 


The solvent systems used were: (17:3, v/v); acid—water (4:1:5, vol.); 
n-propanol-ammonia (sp.gr. (7:3, v/v) run Whatman no. paper, the descending technique, until the 


front had moved 10-12 in. from the origin. 


values solvent 


Compound 
Hippuric acid 0-51 0-85 
m-Hydroxyhippuric acid 0-40 0-71 
p-Hydroxyhippuric acid 0-34 0-61 
p-Methylhippuric acid 0-78 
p-Carboxyhippuric acid 0-71 0-41 
Benzohydrazide 0-62 
1-Acetyl-2-benzoylhydrazine 0-63 0-75 
m-Hydroxybenzohydrazide 0-62 0-86 
0-51 0-59 
p-Hydroxybenzohydrazide 0-66 0-75 
0-92 0-55 
0-29 0-48 
0-80 0-89 
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which formed was just dissolved adding 
solution. When sprayed with this solution, free hydrazide 
spots showed brown black. 

Veratric aldehyde. 20% (w/v) solution veratric 
aldehyde ethanolic was sprayed the paper. 
After drying, the paper was examined under u.v. light 
(360 and hydrazides showed blue fluorescent 
spots. the veratric aldehyde spray made 
ethanolic and the paper then heated for min. 
110°, acetylated hydrazides and the oxadiazoles also show 
blue fluorescent spots u.v. light. 

Dimethylaminobenzaldehyde. This reagent was used 
detect glycine conjugates according Gaffney, Schreier, 
DiFerrante Altman (1954). 

Quantitative methods. Glucuronic acid urine was deter- 
mined according ethereal sulphates according 
Sperber (1948) and hippuric acid according Masri, 
Smith Williams (1956). 


Qualitative experiments 
Benzohydrazide. The urine rabbits which had been 
dosed orally with 100mg. benzohydrazide/kg. was 
slightly reducing Benedict’s reagent and gave weak 
positive reactions for glucuronic acid and free hydrazides. 
Paper chromatography the urine showed the presence 
large amounts hippuric acid and traces unchanged 
benzohydrazide and probably 
hydrazine. 
p-Chlorobenzohydrazide. Oral doses slightly greater than 
100 mg. this hydrazide/kg. caused convulsions and death 
within hr. rabbits. The urine from animals receiving this 
compound was non-reducing and gave negative tests for 
free and acetylated hydrazides. The only metabolite 
detected chromatographically was p-chlorohippuric acid. 
The 24hr. urine ten rabbits which had received col- 
lectively p-chlorobenzohydrazide was made strongly 
acid with and then continuously extracted with 
ether for days. The residue obtained evaporation 
the ether was recrystallized (charcoal) from hot water and 
yielded 1-5 (corresponding 40% the dose hydr- 
azide) p-chlorohippuric acid, m.p. and mixed m.p. 143°. 
p-Methylbenzohydrazide (p-toluoylhydrazine). This com- 
pound was toxic p-chlorobenzohydrazide. Urine from 
rabbits receiving oral doses 0-1 g./kg. was non-reducing; 
paper chromatography was found that contained 
two glycine conjugates, one large amounts and corre- 
sponding acid acid) and the 
other smaller amounts identified eventually 
carboxyhippuric acid. unchanged hydrazide its 
acetyl derivative were found. The urine eight 
rabbits which had collectively received 
benzohydrazide was made strongly acid with and 
continuously extracted with ether for days. Removal 
the ether from the extract left residue which recrystal- 
lization from hot water yielded 0-8 the dose) 
acid, m.p. and mixed m.p. 161°. The mother 
liquor was chromatographed paper solvent and the 
spot corresponding p-carboxyhippuric acid was eluted 
with ethanol. The spectrum the eluate was identical with 
that authentic p-carboxyhippuric acid and showed peak 
240 and inflexion low extinction about 
280 careful search the urine rabbit which had 
received terephthalic acid failed show the presence 
acid any other metabolite. was 
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therefore concluded that the p-carboxyhippuric acid was 
derived oxidation p-toluric acid. 
p-Hydroxybenzohydrazide. This hydrazide was relatively 
non-toxic and doses 500 mg./kg. could fed rabbits 
without untoward effects. The urine animals receiving 
this dose gave intense naphtharesorcinol reaction, 
reduced reagent and gave intense reaction 
with picryl chloride and Paper chromatograms 
showed the presence some the unchanged hydrazide, 
but acetylated hydrazide acid. 
spot the chromatograms reacting with picryl chloride 
proved also contain glucuronic acid. This glucuronide 
was isolated. The aqueous glucuronide fraction (basic lead 
fraction) the urine four rabbits dosed with 
the lead acetate procedure (Kamil, Smith Williams, 
1951). The fraction was concentrated ml. and inorganic 
material removed precipitation with 250 ml. ethanol. 
Addition further 100 ml. ethanol and keeping over- 
night yielded crystalline precipitate (0-8 g.) which, 
recrystallization from ethanol, yielded p-aminocarbamoyl- 
phenyl acid colourless needles, m.p. 
195° and (c, water) (Found: 45-0; 5-1; 
8-2; 5-0 (loss 110°). requires 
45-1; 5-2; 8-1; H,O, 5-2%). This glucuronide, besides 
giving intense naphtharesorcinol reaction, reduced 
Benedict’s reagent and cold ammoniacal AgNO, and gave 
intense brown colour with picryl chloride and NH,. 
1-Acetyl-2-p-hydroxybenzoylhydrazine was also fed 
(0-5 g./kg.), but although gave large amounts 
glucuronide the latter could not isolated. 
m-Hydroxybenzohydrazide. This compound appeared 
more toxic than its para and ortho isomers (see 
Williams, 1957). was fed dose 250 mg./kg., 
which appeared the maximum dose tolerated without 
untoward effects. The urine was non-reducing, but gave 
strong naphtharesorcinol reaction. Paper chromatography 
the urine showed that none the unchanged hydrazide 
its acetyl derivative was present but that m-hydroxy- 
hippuric acid was being excreted. Attempts isolate the 
glucuronide crystalline form failed, but ether 
extraction the aqueous glucuronide fraction (prepared 
the lead acetate procedure) m-hydroxyhippuric acid was 
isolated, m.p. and mixed m.p. 191°, after recrystallization 
from hot water. The yield was from 12g. 
hydroxybenzohydrazide, the dose. 
was also fed 
doses 300 mg./kg. The urine was non-reducing and con- 
tained large amounts conjugated glucuronic acid. 
Attempts isolate the glucuronide failed. Paper chro- 
matography the urine showed that, besides glucuronide, 
small amounts the unchanged material and m-hydroxy- 
hippuric acid were present. 

2-m- 
These two compounds were fed rabbits doses 
500 mg./kg. and were found relatively non-toxic. They 
were excreted high degree conjugation with gluc- 
uronic acid (see Table and these glucuronides were 
readily isolated from the urine the basic Jead acetate 
fraction. 

from the original oxadiazole) formed colourless needles 
from 30% aq. ethanol, m.p. 148° and water 


‘0 
j 
coment 


590 


was unsatisfactory owing the hygroscopic nature 
the anhydrous glucuronide, and rapid weighing after drying 
110° accounted for water; H,O, The 
derivative was prepared with acetic anhydride 
and and formed colourless needles from hot water, 
4-7; 5-8. requires 52-7; 4-6; 
The corresponding 2-m-glucosiduronophenyl-5- 
fed) formed colourless needles, m.p. 102° and 
H,O (c, (Found: 45-0; 5-4; H,O, 10-9. 
11-3%). The O-triacetyl derivative was also prepared and 
formed needles from water m.p. 121° and 

The absorption spectra these glucuronides were 
almost the same ethanol, and 
would expected from perusal the spectra 
solvents (see Table 1). The spectra 2-m- and -p-hydroxy- 
similar ethanol and HCl, but different NaOH 
owing ionization the phenolic hydroxyl group; 
Table shows that this true. 

Both the above glucuronides were hydrolysed 
glucuronidase. 
3:4-diazole (100 mg.) was dissolved ml. water, and 
the solution titrated with n-NaOH. The solution 
was then mixed with ml. Roman-snail gastric juice 
which contains high amounts (cf. 
Jarrige Henry, 1952) and incubated 37° for hr. 
the end the incubation the solution had crystallized. The 
crystals (50 mg.) were filtered off and recrystallized from 
(v/v) They were identified 2-p-hydroxy- 
m.p. and mixed m.p. 
239°. The experiment was repeated exactly with 100 mg. 
in- 
stead the para isomer. The incubation mixture crystal- 
lized before and mg. 
m.p. and mixed m.p. 175° after re- 
crystallization, were isolated. 

Isolation hydrazine from urine (with Robinson). 
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Yard McKennis (1955) have observed that certain doses 
benzohydrazide and hydrazine cause convulsions and 
death rabbits and dogs. High doses acid 
hydrazide also cause convulsions. this work have 
observed that oral doses benzohydrazide, p-methyl- and 
p-chloro-benzohydrazide, and picolinic acid hydrazide 
the region 100 mg./kg. invariably cause convulsions and 
death rabbits. These are the hydrazides which appear 
hydrolysed vivo the corresponding aromatic acids 
and hydrazine. hydrazine formed during the meta- 
bolism these compounds, then some hydrazine may 
excreted the urine, since McKennis, Weatherby 
Witkin (1955) have shown that when hydrazine (15 
kg.) itself injected aqueous solution into dogs between 
and may appear unchanged the urine. 
al. (1955) were able isolate hydrazine from urine 
adding benzaldehyde form the sparingly soluble de- 
rivative, benzalazine (dibenzylidenehydrazine). 

Authentic benzalazine, m.p. 93°, was prepared according 
Blatt (1943). showed light-absorption ethanol with 
Amax, 300-302 mp, Rabbits were given oral 
doses various aroylhydrazines (see Table and the 
urine was collected for hr. every 100 ml. filtered 
urine, 0-1 benzaldehyde was added with shaking. The 
aldehyde dissolved and the urine was kept for 
Any crystalline material which had deposited during this 
time was collected filtration and recrystallized from 
aqueous ethanol. those cases where benzalazine was 
isolated (see Table was obtained yellow crystels, 
m.p. and mixed m.p. 93°, with absorption band 
ethanol with 300-302 mp. the experiments 
which benzalazine was not isolated directly, the urine was 
extracted with ether which benzalazine readily 
soluble. benzalazine was present, the extract was pale 
yellow and showed maximum absorption light 300- 
302 and some cases small amounts benzalazine 
were obtained evaporation the ether and recrystalliza- 
tion the residue. Benzalazine was not formed when 
benzaldehyde was added solutions the aroylhydr- 
azines; instead the aroylhydrazones benzaldehyde were 
formed and these were readily distinguished from benzal- 
azine. 

noted (see Table that benzalazine was 
isolated from the urines rabbits which had received 
benzohydrazide and the pyridinecarboxylic 


Table hydrazine rabbits receiving certain aroylhydrazines* 


Benzalazine 
isolated 
Aroylhydrazine Dose from urine 
administered (mg./kg.) Remarks 

Benzoyl 19-5 Equivalent dose 
p-Toluoyl Benzalazine detected ether extracts 
p-Chlorobenzoyl 
p-Hydroxybenzoyl 
Picolinoyl§ Equivalent 0-8% dose 
Nicotinoyl§ 0-5 From three animals dose) 
isoNicotinoyl§ 166 Equivalent 0-6% dose 


The results are for single animals except the case nicotinoylhydrazine where three animals were used. 


these cases the animals died within hr. dosing. 


These yields are after recrystallization. 


The urinary metabolites these three hydrazides rabbits are the corresponding pyridine carboxylic acids and their 


glycine conjugates (El Masri, 1956). 
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azides. was also detected, after the addition benzalde- 
hyde, the urine after dosing with p-methylbenzohydr- 
azide, but not after and p-hydroxy- and p-chloro-benzo- 
hydrazides, although the last compound relatively lethal. 

could not isolated detected the urine 
four patients receiving 200 and 350 mg. isonicotinic 
acid hydrazide. 


DISCUSSION 


clear from Table that benzohydrazide and its 
p-chloro and derivatives are converted 
vivo into the corresponding aromatic acids, which 
are largely excreted glycine conjugates. None 
only traces the unchanged hydrazides their 
acetyl derivatives were excreted. These compounds 
appear behave like the corresponding benz- 
amides (Bray, Clowes, Thorpe, White Wood, 
1952; Bray, Thorpe Wood, 1949). Benzo- 
hydrazide relatively toxic substance (cf. Yard 
McKennis, 1955) and have observed that 
p-chloro- and p-methyl-benzohydrazides are about 
toxic, since doses less than m-mole/kg. 
caused death with convulsions. concluded (cf. 
Willians, 1957) that this toxicity must 
due release hydrazine (see Table from 
these compounds the body, and that the main 
route their metabolism 


NH, 
(where CH, Cl) 


and p-Hydroxybenzohydrazides and their acetyl 
derivatives, however, were very much less toxic 
and, except for m-hydroxybenzohydrazide, were 
well tolerated rabbits oral doses m-moles/ 
kg. (600 mg./kg.). The meta derivative, however, 
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was fatal doses slightly more than m-moles/kg. 
(300 mg./kg.). These hydroxy compounds were 
mainly metabolized direct conjugation with 
glucuronic and sulphuric acids (see Table and, 
except for m-hydroxybenzohydrazide, they did not 
give rise the excretion the glycine conjugates 
the corresponding aromatic acids. Only with 
m-hydroxybenzohydrazide was the corresponding 
glycine conjugate isolated from the urine. 
concluded 
acetyl derivative and 
benzoylhydrazine not release appreciable 
amounts hydrazine the body and are meta- 
bolized thus: 


m-Hydroxybenzohydrazide seems take 
intermediate place between benzohydrazide and 
p-hydroxybenzohydrazide, since appears 
partly directly conjugated and partly hydrolysed 
give hydrazine and the corresponding hippuric 
acid. also intermediate toxicity. 

The cyclic hydrazine derivatives, 2-m- and -p- 
possess 
stable ring system vivo and are metabolized 
direct O-conjugation (see Table 4). These cyclic 
derivatives were not found metabolites the 
benzohydrazides. Their metabolism can repre- 
sented 


(R=SO,H 


Table Metabolism benzohydrazide and related compounds 


Results are quoted the average for three animals, with range parentheses; superior figures indicate the number 


experiments other than three. 


Conjugations dose) with 


Dose 
Compound (mg./kg.) 

Benzohydrazide 
p-Chlorobenzohydrazide 100 
p-Methylbenzohydrazide 100 
p-Hydroxybenzohydrazide 300 
m-Hydroxybenzohydrazide 300 
1-Acetyl-2-p-hydroxybenzoylhydrazine 390 
390 
400 


Ethereal 
acid sulphate Glycine 

hippuric acid) 

+(31% isolated p-toluric 
acid; p-carboxyhippuric acid 
detected) 

(32-41) (5-10) None 

(24-36) (6-11) +(2% isolated m-hydroxy- 
hippuric acid) 

(55-59) (17-21) +(m-hydroxyhippuric acid 
detected) 

(70, 88)? (4, 7)? None 

(55-67) (6-8) None 
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SUMMARY 


The fate the rabbit the following com- 
pounds has been investigated: benzohydrazide and 
its p-chloro, p-methyl and and p-hydroxy 
derivatives; and 
hydrazines and their anhydrides; 2-m- and -p- 

Benzohydrazide, p-chlorobenzohydrazide and 
p-methylbenzohydrazide were lethal rabbits 
oral doses just over 100 mg./kg. and were meta- 
bolized the corresponding hippuric acids, which 
were isolated from the urine. Hydroxylation the 
benzene ring and acetylation the hydrazide 
group were not detected. 

p-Hydroxybenzohydrazide and its acetyl 
derivative 
azine were relatively non-toxic and were metabolized 
direct conjugation with glucuronic 
phuric acids. 

m-Hydroxybenzohydrazide was intermediate 


hydroxybenzohydrazide, and 


mainly direct conjugation but partly hydro- 
lysis m-hydroxybenzoic acid. 

2-m- and 
3:4-diazoles were relatively non-toxic and were 
metabolized direct conjugation mainly with 
acid. 

suggested that the toxicity benzo- 
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hydrazide and its p-chloro and p-methyl deriva- 
tives due release hydrazine vivo. 
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The Vitamin Systems Isolated Intestine the Rat 


Department Pathology, King’s College, University Durham, the Royal Victoria Infirmary, 
Newcastle upon Tyne 


(Received August 1957) 


has recently been demonstrated (Schilling 
Schloesser, 1957) that pseudovitamin does not 
affect the absorption vitamin human 
beings, nor does compete any great extent for 
binding human gastric juice. They concluded 
from this that the vitamin property 
gastric juice was very specific. 

that similar observations might 
useful our studies the uptake vitamin B,, 
isolated rat intestine from buffered solutions 
containing the vitamin. hoped that might 
possible this way obtain information con- 
cerning different binding systems. These anticipa- 
tions have been justified since our observations 
have led the demonstration that there are 
least two vitamin systems the small 


intestine the rat. One these susceptible 
competition the analogues have used, where- 
the other seems highly specific for cyano- 
cobalamin itself. 


MATERIALS AND METHODS 


Animals. Black-and-white rats the Scott—Russ strain 
were used. The animals were starved overnight before 
experiment. They were killed blow the head and the 
intestine was then removed. 


Radioactive vitamin and analogues. Radioactive 


vitamin B,,, containing mixture and was 
dissolved Krebs’s phosphate buffer 7-4 
ml. Various analogues vitamin B,, including pseudo- 
vitamin mixture the ethylamides vitamin 
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(anti-vitamin and the lactone vitamin B,, (Smith, 
1957), were dissolved various concentrations the 
radioactive-vitamin solution and the mixture the 
vitamin and its analogue was used the test flask. the 
control flask there was the buffered solution the radio- 
active vitamin. The concentrations the analogues 
covered the range 5-1250 

Counting procedure. The scintillation counter used con- 
tained sodium iodide crystal, 2in. long, 
protected lead shielding in. thick. The material was 
introduced into the counting chamber standardized 
flat-bottomed glass specimen tubes. 

The background count for the instrument was the 
order 250 counts/min. All counts were carried out over 
period time such that the true counting rate, i.e. the 
count less the background count, was obtained with 
accuracy The results were expressed 
counts/min./g. wet wt. tissue. comparison with the 
counts obtained with standard radioactive cyano- 
cobalamin solution the results could converted into 
absolute amounts vitamin. 


Tissue preparations 


Preparation intestine. The upper small intestine was 
used. The gut was ligatured the pylorus before removal 
from the animal; was filled with oxygenated glucose 
saline from hypodermic syringe, according the 
technique Wilson Wiseman (1954). This procedure 
greatly facilitated the removal the gut with the minimum 
mesentery 

Intestinal strips. The intestine was severed just distal 
the pylorus and removed from the animal. was cut into 
lengths 3-4 and all superfluous mesentery and fat 
were removed. Each portion was opened cut along the 
line mesenteric attachment, washed 0-9% NaCl and 
then divided into two equal and comparable halves 
second longitudinal cut. One half was used test and the 
other control. This obviated possible differences 
absorptive capacity inherent the different levels the 
gut. Three such halves from the upper 12cm. the 
intestine were used for each observation. The strips were 
incubated ml. Krebs phosphate buffer contained 
ml. conical flasks, which were shaken throughout the 
experiment. The buffer was gassed with before use and 
passed over the medium during the experiment. The 
incubation temperature was 37° and the experiments 
lasted min., except where the time course the reaction 
was being followed. 

the end the experiment the pieces intestine were 
removed, rapidly washed water, blotted dry, transferred 
screw-capped bottles and weighed. The screw-capped 
bottles, which were specially adapted the MSE top-drive 
microhomogenizer (Measuring and Scientific Equipment 
Ltd.), were used order prevent splashing during homo- 
genization. After the bottles had been reweighed, approxi- 
mately 5ml. water was added and the tissue then 
macerated for min. top speed. The volume the 
homogenate was made ml. with water and the 
radioactivity measured. 

Homogenized intestine. Some experiments were carried 
out with homogenized small intestine. weighed piece 
intestine was macerated the phosphate buffer for min. 
top speed the microhomogenizer. The material was 
kept cool surrounding the container with ice. The final 
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dilution was adjusted that the concentration was 
0-5 g./ml. The homogenate was divided into two equal 
portions. One these was incubated with radioactive 
vitamin B,, the usual manner 37° with constant 
shaking. For the test, pseudovitamin was mixed with 
the radioactive vitamin B,, and the two were added simul- 
taneously the other half the homogenate. the end 
the experiment the uptake vitamin B,, was determined 
ultrafiltration. This was done determining the radio- 
activity the ultrafiltrate and subtracting from that 
the original solution. 

Intestinal sacs. One possible criticism observations 
made intestinal strips that both the mucosal and the 
serosal surfaces are exposed the vitamin B,, solution. 
order obviate this have carried out number 
experiments with everted intestinal sacs (Wilson Wise- 
man, 1954), which only the mucosal surfaces are exposed. 

Oxygenated buffer and bubble were introduced 
into the inside the sacs; the outer fluid contained the 
radioactive vitamin with without the analogue. one 
series experiments the uptake radioactivity was 
determined homogenizing the whole sac the end 
the experiment. another series the mucosa and sub- 
mucosal layers were separated before determining the 
radioactivity; this was done scraping the surface with 
small cataract knife. Small pieces the scraped in- 
testine were examined histologically. typical picture 
shown Fig. will seen that very clear separation 
was obtained the level the muscularis mucosae. 
one experiment, the radioactivity the two layers was 
determined relation wet weight, second experi- 
ment the uptake was related the dry weight the tissue. 
Drying was carried out 110° overnight. The dried tissue 
was then dissolved ml. H,SO, heating 


Fig. Section small intestine (A) before and (B) after 
scraping off the superficial mucosal layer. 
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110° for 2hr. The resultant dark-brown solution was 


cooled, made ml. with water and the radioactivity 
determined. 


RESULTS 


strips. The results are 
Table Pseudovitamin depressed the uptake 
ml. analogue. Increased concentrations the 
analogue failed depress uptake radioactive 
vitamin further (see Fig. 2). The uptake this 
maximum depression refer the plateau 
level; was the order 36% this series 
experiments. 

Like pseudovitamin anti-vitamin B,, 
amide cyanocobalamin) depressed the uptake 
the vitamin the intestine (see Fig. 2). The 
maximum depression gave plateau about 

With mixture anti-vitamin and pseudo- 
vitamin the depression was somewhat greater 
than that obtained with pseudovitamin B,, alone, 


shown 


100 
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but greater than that obtained with anti- 
vitamin B,, alone. 

The vitamin B,, lactone has been tested only 
two high levels, namely 100 and 1000 
each case the depression indicated plateau level 
which was very similar that with 
vitamin 

Rate uptake intestinal strips. seemed 
possible that the analogues might diminish the rate 
transport vitamin into the tissues. This 
would give apparent diminution uptake 
min. experiment was therefore carried out 
which the uptake vitamin with and with- 
out pseudovitamin was studied 15, 30, 
and 60min. respectively. The vitamin was 
present the usual concentration and the pseudo- 
results the observations varying intervals 
time indicated that there was increased uptake 
with without pseudovitamin B,, after 
(Fig. 3). The percentage uptake with pseudovitamin 
B,, was therefore constant after min. 


250 500 750 


1000 1250 


Concn. analogue 

Fig. Individual results percentage uptake vitamin 
varying concentrations pseudovitamin B,, 
vitamin lactone (A), anti-vitamin and 
mixture the anti-vitamin and the pseudovitamin 
The curves for pseudovitamin B,, and anti-vitamin B,, 
are shown continuous and broken lines respectively. 


Time (min.) 


Fig. Uptake vitamin intestinal strips 
varying time intervals with and without (@) pseudo- 
tration vitamin was The uptake 
expressed terms dry weight. 


Table Uptake with intestinal strips 


Results are expressed terms wet weight tissue. Counts are all corrected the date the first observation; 


900 counts/min.=1 radioactive 


Mean uptake 


Conen. Mean counts/min./g. Percentage 
Analogue used observations Controls Tests Controls control 100) 
100 3522 1366 1-5 
1250 2812 922 3-1 1-0 
250 1896 324 0-4 
1250 2784 816 3-1 0-9 
Anti-vitamin B,, and 250 2134 502 
pseudovitamin B,, each 
Lactone 1000 3220 1292 1-4 
100 6000 2048 6-6 


first 


Wh: 


Muc 


Tak 
the 

inte 
are 
thos 


am 
plac 
initi 
befo 
were 
the 
1957 
retai 
thus 


' 

le 

| 


Vol. 


Table 


INTESTINAL VITAMIN SYSTEMS 


595 


Uptake with homogenized intestine 


are expressed terms wet weight tissue. Counts are corrected the date the first observation; 


900 counts/min.=1 radioactive 


observations Control 
4906 
250 
1000 3 = 


Mean counts/min./g. 


Mean uptake 
Percentage 


uptake (test/ 


Tests Control Tests control 100) 
2926 56 3-3 59 
2879 
2806 


Table 


Uptake with everted intestinal sacs 


Unless otherwise stated, this expressed terms wet weight tissue. Counts have been corrected the date the 


Mean uptake 


Mean counts/min./g. Percentage 

Material (umg./ml.) Control Tes Control Test control 100) 
Whole sacs 000 3-52 100 
Mucosa (dry wt.) 136 000 11-6 100 


Homogenized intestine. The results are shown 
Table There was plateau value 48%. The 
absolute uptake this system was greater than 
the intact isolated intestinal strips 1). 

Intestinal sacs. The results with whole sacs are 
shown Table each case plateau was 
obtained which was very similar that with 
intestinal strips the previous experiments. 
Although the results with the submucosal layers 
are not included, they were essentially similar 
those obtained with the mucosa. 


DISCUSSION 


There evidence show that the uptake 
vitamin the isolated rat intestine fact 
measure absorption the tissue. the first 
place have demonstrated that there 
initial build the vitamin intestinal tissue 
before systemic absorption, intact animals which 
were fed radioactive vitamin B,, and which 
the distribution the gut and liver was studied 
after various time intervals (Latner Raine, 
the present work, intact 
intestine which had been incubated with the radio- 
active vitamin and subsequently homogenized 
retained the vitamin which had been taken up, 
thus demonstrating that the substance not 


dissolved the extracellular fluid equilibrium 
with the solution the flask. 

One the difficulties this work the possi- 
bility that the vitamin absorbed into the 
tissue across the cut edges and not across the 
mucosa. consider that any absorption through 
these cut surfaces must negligible since their 
area small comparison with that the 
intestinal mucosa. Another difficulty the fact 
that the results with the intestinal strips might 
influenced the fact that the serosal surface 
well the mucosa was exposed the vitamin B,, 
solution. These difficulties have been adequately 
dealt with our observations that everted sacs 
small intestine behave fashion practically 
identical with that the strips. With the sacs, 
course, only the mucosal surface was directly 
exposed the vitamin solution. 

The most likely explanation the depression 
uptake vitamin pseudovitamin B,, and the 
other analogues that there competition between 
the two substances for binding sites within the 
tissue. Another possible explanation would 
that the analogues interfere with the rate trans- 
port vitamin into the intestinal tissues. The 
experiment which observations were made 
different time intervals shows that this latter 
explanation not applicable, since the uptakes 
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the vitamin and each case 
indicated that maximal value had been reached 
and that this value was lower the presence 
pseudovitamin B,,. 

Although have not carried out observations 
proving that the analogues were actually bound 
the tissues, believe that safe infer that 
this happened. The results could thus 
explained terms competition between the 
analogues and vitamin B,, for binding sites within 
the tissue. This does not apply all the binding 
vitamin plateau level uptake vitamin 
system highly specific for the vitamin itself; this 
system ‘the non-competitive system 

possible explain the existence such 
system terms ‘dead-space’ phenomenon. 
That penetration vitamin B,, extra- 
cellular spaces between villi between cells. 
the volume this space would relatively 
constant could create apparently constant 
specific uptake the vitamin, since all the 
experiments constant concentration the 
vitamin has been used. This dead-space effect, 
however, could not possibly apply the experi- 
ment which used homogenized intestine 
throughout. Any dead space that existed the 
intestinal wall would have been markedly dim- 
inished, not entirely obliterated, the homo- 
genization procedure. spite this, the 
presence the analogue, there was still binding 
plateau which can only regarded strong 
evidence for the presence non-competitive 
binding system. interesting that the plateau 
was distinctly higher with the homogenate than 
with intact strips sacs. Analysis the absolute 
uptakes showed that the increased binding the 
homogenate could largely attributed in- 
non-competitive uptake. This might well 
indicate that the non-competitive binding 
some way related the intracellular contents. 

The non-competitive system unaffected even 
the presence concentration the analogue 
some 250 times that the vitamin. The system 
not necessarily exactly the same for each analogue. 
The plateau level for anti-vitamin was approxi- 
mately 20%, whereas that for pseudovitamin 
and for the lactone vitamin was about 
The mixture anti-vitamin and pseudovitamin 
gave plateau corresponding that for anti- 
vitamin alone, i.e. the lowest which had been 
obtained. 

Although the other vitamin system 
does allow for competition with the analogues, 
there seems greater affinity for the vitamin 
itself. The concentration the analogue must 
several times that the vitamin before there any 
marked diminution uptake cyanocobalamin. 
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vitamin binding essential the process 
intestinal absorption the vitamin, possible 
that study the two types binding have 
demonstrated the intestinal wall may shed some 
light the actual mechanism absorption. With 
this view have been carrying out feeding 
experiments with radioactive vitamin and the 
analogues intact rats see whether not the 
analogues depressed absorption the vitamin 
work). have demonstrated that neither pseudo- 
vitamin nor vitamin lactone interferes with 
the absorption the vitamin itself. the other 
hand, the anti-vitamin B,, does interfere. 

Although pseudovitamin does not affect 
absorption the intact animal, capable 
abolishing the competitive type binding the 
isolated intestine. One can only assume that 
unlikely that this binding system concerned with 
absorption from the intestinal lumen. possible, 
however, that the non-competitive system may 
play some part this process. analysis the 
percentage uptakes the plateau levels with 
intestinal strips rather favours this possibility. 
Fig. the various plateau percentage uptakes are 
compared. will seen that there difference 
between the values obtained with pseudovitamin 
the lactone. the other hand, when anti- 
vitamin B,, present there marked diminution. 
For this comparison the observations with the anti- 
vitamin alone have been grouped with those 
obtained with mixture the anti-vitamin and 


Percentage uptake 


Fig. Individual percentage uptake: (A) with pseudo- 

vitamin with B,, lactone, and (C) the presence 

anti-vitamin Each point the mean two 

observations. The analogue concentrations were the 
plateau levels 100 and above. 
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pseudovitamin Comparing this group with the 
combined results obtained with pseudovitamin B,, 
and the lactone, statistical analysis demonstrates 
that the lower uptakes the presence anti- 
vitamin B,, are highly significant (¢= 3-1; 
other words, non-competitive binding appreci- 
ably diminished the presence the anti-vitamin 
this material also capable affecting absorption 
the intact animal, whereas 
such effect has been observed with either pseudo- 
vitamin the lactone. 

interesting note that recent work 
(Bunge, Schloesser Schilling, 1956) has demon- 
strated that normal human gastric juice also some- 
times possesses two types vitamin B,,-binding 
activity. One highly specific for 
and the other allows for competition with pseudo- 
vitamin 

Other workers have also studied competition 
phenomena between vitamin and its analogues 
(Rosenblum al. 1956; Coates al. 1956). the 
chick, high dosage pseudovitamin mouth 
does affect absorption vitamin (Coates al. 
1956). 


SUMMARY 


The measurement uptake radioactive 
vitamin B,, isolated intestine has been described. 

The effect pseudovitamin anti- 
vitamin and the lactone vitamin 
uptake radioactive vitamin B,, has been studied. 

Two vitamin systems have been 
demonstrated, one competitive and the other non- 
competitive. 
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The implications the non-competitive 
binding system relation uptake vitamin B,, 
are discussed. 


Department Parke, Davis Co. for supply pseudo- 
vitamin B,, and Lester Smith Glaxo Laboratories 
Ltd. for the other analogues the vitamin and the radio- 
active cyanocobalamin. One (L.C. R.) working 
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Medical School, King’s College, University Durham. 
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The Proteolytic Activity the Venom Bothrops jararaca 
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FAJGA MANDELBAUM anp HENRIQUES 
Instituto Butantan, C.P. 65, Sao Paulo, Brazil 


(Received July 1957) 


The presence proteolytic activity the venom 
Bothrops jararaca seems have been the first 
evidence for the occurrence enzymes snake 
venom (Lacerda, 1884). Since then, knowledge 
the proteolytic activity snake venoms has 
progressed rather slowly (Zeller, 1951). The hydro- 
lysis casein the venom jararaca was 
studied Taborda Taborda (1940) under 
various conditions. Rocha Silva Andrade 
(1945) observed that benzoylarginine amide was 
also hydrolysed the venom jararaca, fact 
which seemed indicate that the substrate 


specificity the proteolytic enzyme contained 
the venom was similar that trypsin. More 
recently, Hamberg Rocha Silva (1956, 1957) 
reported the venom jararaca the presence 
both heat-labile and heat-stable proteolytic 
activity. The latter, after heating, retained the 
power hydrolyse benzoylarginine ester, 
while apparently losing all hydrolytic activity 
towards casein. Holtz Raudonat (1956) have 
separated two fractions from the venom 
jararaca, precipitation with ammonium sul- 
phate, namely protease’, which had strong proteo- 
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lytic activity, and ‘koagulin’, which mainly blood- 
coagulating and weakly proteolytic. Henriques, 
Lavras Fichman (1956), also precipitation 
with ammonium sulphate, separated two proteo- 
lytic fractions from the venom jararaca. The 
first fraction, precipitated 0-5 saturation with 
ammonium sulphate, had proteolytic 
activity towards casein and weak hydrolytic 
activity towards amide, where- 
the second, precipitated saturation 
with ammonium sulphate, was very active with 
amide and feebly active with 
casein. The conclusion that more than one proteo- 
lytic enzyme was present the venom was further 
substantiated the fact that Ca?+ ions did not 
affect the hydrolytic activity the second fraction 
casein but activated strongly the ‘caseinase’ 
activity the first fraction. 

this paper present the results study 
some properties the proteolytic activity the 
crude venom and method for the isolation 
the enzyme hydrolysing amide 
present the fraction precipitated 
saturation with ammonium sulphate. 


EXPERIMENTAL 


Measurement enzyme activity. The proteolytic activity 
was determined with casein, gelatin 
amide substrate. matter convenience, this 
paper, the hydrolytic power the venom casein 
gelatin called caseinase gelatinase respectively, while 
the hydrolytic action amide 
called benzoylarginine amidase activity. 

When casein was used substrate the method Kunitz 
(1946) was applied. Purified casein Laboratories 
Inc., Detroit, Mich., U.S.A.) was used (w/v) 
solution 
diol (tris) buffer, 8-8. The amount enzyme was 
adjusted give optical density between 0-080 and 
the Beckman spectrophotometer, DUV model, 
this level activity the degree hydrolysis was found 
directly proportional the amount enzyme 
present. 

The method Duthie Lorenz (1949), slightly modified, 
was used when gelatin was the substrate. Bacteriological 
Difeo standardized gelatin (Difco Laboratories Inc., 
claved for min. 110° and stored the cold. The sub- 
strate mixture was prepared freshly each day adding 
ml. 0-5% gum acacia buffer, 8-8, 
ml. warmed gelatin solution. For the determinations, 
equal volumes enzyme and substrate solutions were 
mixed 35° and ml. this mixture was transferred 
Ostwald viscosimeters kept water bath 35°. The 
flow time the mixture was measured after 
mixing. The viscosimeters used had bulb capacity 
about ml., capillary mm. diam. and average flow 
time about with water. The flow-time index 
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(Swyer Emmens, 1947) was then calculated from the 
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equation 


v=1000 


which the flow time the enzyme-substrate 
mixture after incubation for min.; the flow time 
from similar mixture from which only the enzyme was 
excluded; the flow time another similar mixture, 
from which gelatin was also excluded. the estimation, 
the amount enzyme was adjusted give flow-time 
index (v) 170-450, since this range was found 
directly proportional the logarithm the amount 
venom present dried-venom protein). The 
assay used measure the potency the fractions 
ated from the dried venom included comparison between 
the activities and protein the initial 
venom (standard) with those the fraction two levels 
concentration (unknown), the higher concentration 
unknown being also double the lower one. most assays 
four determinations were run with each concentration and 
the results were submitted the standard method 
biological assay used Swyer Emmens (1947) for the 
assay hyaluronidase. described here, this assay 
usually estimated the potency the unknown with 0-95 
fiducial limits 90-110 the correct value; the worst 
case (two replicates/dose) the fiducial limits were 86-116. 

The activity benzoyl-L-arginine amide was assayed 
the method Schwert, Neurath, Kaufman Snoke (1948) 
adapted the diffusion apparatus Tompkins Kirk 
(1942). The sample containing the enzyme (0-1 ml.) was 
pipetted into the small bulb the vessel. this were 
added 0-2 ml. amide immedi- 
ately followed 0-1 ml. 0-3M-tris buffer, the 
zero time being noted. The mixture was incubated for 
hr. 25°. the end this period ml. saturated 
K,CO, solution was added the main chamber the 
vessel and 0-5 ml. (w/v) boric acid was pipetted into 
the absorption cup, which had capacity ml. The 
system was then closed, the carbonate was mixed with the 
enzyme-substrate incubated mixture and the diffusion 
ammonia took place for room temperature. The 
stopper carrying the acid cup was then withdrawn, drop 
Tashiro’s indicator (described Davis Smith, 1955) 
was added and the ammonia was titrated with 
recommended Schwert al. (1948). Suitable blanks 
were run for all enzyme samples. The amount enzyme 
the estimations was adjusted give evolution 15- 
range the amount ammonia liberated directly pro- 
portional the weight venom used. The 
arginine amide used, either prepared the method 
Bergmann, Fruton Pollok (1939) obtained from the 
Mann Research Laboratories, Néw York, was always re- 
crystallized give blank not higher than 0-05 ml. 
when used the assay. 

Protein determination. Protein was estimated colori- 
metrically the biuret method Wolfson, Cohn, Calvary 
Ichiba (1948) terms its ultraviolet absorption 
both cases dry jararaca venom, which contained 70% 
(w/w) protein, was used the standard. 

Experiments with inhibitors and activators. The solutions 
inhibitors activators were always prepared freshly 
water and incubated for lhr. 35° with the enzyme 
solution, before the addition equal volume casein 
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substrate dissolved tris buffer, gelatin dissolved 
NaCl-tris buffer, for proteinase activity, 
benzoyl-L-arginine amide substrate and tris buffer the 
proportions previously described for the determination 
amidase activity. Suitable control determinations were 
made, which enzyme and inhibitor substrate and 
inhibitor were added the solvents the reaction mixture. 
When gelatin was used substrate the activator 
inhibitor was included the solution used for the determi- 
nation and the same concentrations the final 
(or mixture. 

Removal impurities from venom solution 
phosphate gel. The venom used for this work was part 
sample stocked this Institute, where snake venoms are 
always dried vacuo room temperature. The venom 
(20 g.) was dissolved 21. buffer, 
6-0, prepared according Gomori (1955). This solution 
was centrifuged and the clear supernatant separated. The 
supernatant was used for comparison proteinase and 
benzoylarginine amidase activities with the fractions 
obtained subsequently. The remaining clear solution was 
treated with gel (2-6 months’ old) prepared 
according Keilin Hartree (1938) ratio 
expressed terms dry weight. The gel was slowly 
added while the solution was mechanically stirred and the 
stirring was continued for min. The mixture was 
fuged, sample the supernatant was kept for control 
the next steps, and the remaining solution was used 
starting material for the fractionations with 
series preliminary experiments with small amounts 
venom was verified that itself the treatment with 
gel does not always increase significantly the 
proteinase amidase specific activity the supernatant, 
but the gel treatment leads better fractionation with 
The whole procedure and subsequent fraction- 
ation with were carried out room temperature 
(not above 25°). The proteolytic activity the venom 
proved rather stable room temperature. 

Sufficient solid divided into small portions, was 
stirred with the supernatant give the desired percentage 
saturation; the amount added was calculated 
from the table Green Hughes (1955). When the frac- 
tions were reprecipitated, saturated solution (NH,),SO, 
was used. The resulting precipitates were collected 
centrifuging, dissolved small volume NaCl and 
dialysed cellophan tubing 2-6° against NaCl 
until the diffusate became free NH,* ions. The diffusate 
was then centrifuged separate the precipitate de- 
naturated proteins. 

Heating venom solution for subsequent fractionation with 
ammonium sulphate. solution jararaca venom 
was made NaCl and the insoluble material 
centrifuged off. equal volume NaCl heated 
90° was added the venom solution and the mixture was 
heated with stirring boiling-water bath for min., the 
temperature reaching 88° the end this period. The 
mixture was immediately cooled ice bath and the 
denaturated protein centrifuged off. The supernatant was 
fractionally precipitated with solid (NH,),SO, described 
above. 

Electrophoresis starch columns. glass accessories 
the electrophoresis apparatus used were similar those 
described Kunkel (1954), and its electrode compart- 
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ments, with capacity 11. each, were similar those 
described Kunkel Tiselius (1951). Commercial starch, 
suitable for bacteriological purposes, was thoroughly 
washed with water and air-dried. For the preparation 
column 36g. starch was further 
washed twice with tris buffer, 7-2, resus- 
pension and filtering. The washed starch, resuspended 
vol. buffer, was transferred the electrophoresis tube 
and positive pressure 150 mm. was applied filter 
off the excess buffer. When the level the buffer was 
just above the upper starch surface, ml. the sample 
(containing mg. protein, and dialysed against 
21. tris buffer, 7-2, for hr. the cold) 
was added, and the same pressure was again applied until 
the level the sample reached the starch surface. The 
protein band was displaced downwards filtering ml. 
buffer through the column described before; the electro- 
phoresis apparatus was assembled, filled with cold 
buffer and put cold room (about 10°). After min., 
was applied such way that the upper part the 
column became negative relation its lower part. The 
electrophoresis was allowed proceed for 20hr., the 
intensity current being about 3-5 and practically 
constant. The apparatus was then dismantled and the 
protein bands were eluted filtering about 
buffer through the column under positive pressure 
150mm. Hg. Fractions were collected intervals 
min., with volume about 0-5 ml. each. The separate 
fractions were appropriately diluted for photometric 
determination protein terms its ultraviolet ab- 
sorption and for the determination amidase and protein- 
ase activities. 

The homogeneity the starch column used was tested 
putting the column mg. cytochrome dissolved 
buffer, and displacing the 
resulting band with the aid the same buffer. The column 
appeared homogeneous since throughout its whole length 
the band cytochrome travelled downwards about 
cross-sectional area 0-46 cm.? and ratio (starch volume: 
mobile liquid volume) (Flodin Porath, 1954); 
gave good electrophoresis pattern with the proteins 
rat serum (in diethylbarbiturate buffer, 8-6; and 
did not adsorb cytochrome c, rat-serum proteins or the 
proteins Bothrops venom. 


RESULTS 


Factors influencing the proteolytic 
activity the venom 

Optimum pH. The curves varied 
with the buffer employed and with the substrate. 
tris and ammediol (2-amino-2-methylpropane- 
1:3-diol) buffers the rate hydrolysis casein, 
low the acid side, was found rise throughout 
their useful range, although the activity seemed 
have reached plateau the alkaline end the 
ammediol range (Fig. 1). With borate buffer and 
casein substrate two maxima were observed, one 
amide substrate, tris 
buffer the activity seemed have reached 
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plateau and ammediol and borate buffer 
the optima found were respectively and 
(Fig. 2). 

Effect metal-binding agents. The caseinase and 
gelatinase activities the venom were found 
strongly inhibited (Table 1). 
Inhibition the caseinase activity the venom 
atrox has been previously reported Rocha 
Silva Andrade (1945). high concentration 
L-amino acid oxidase present the venom, the 
effect cysteine the benzoylarginine amidase 
activity could not determined. Glutathione 
final concentration reduced the caseinase 
activity 18%, inhibited completely the gela- 


(280 
N 


Fig. Effect the proteolytic activity the 
venom jararaca. Reaction mixture contained ml. 
casein dissolved the corresponding 
venom solution NaCl. Tris; ammediol; 
borate. 
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tinase activity and reduced the amidase activity 
The addition mm-ethylenediaminetetra. 
acetic acid reduced the caseinase activity 
the gelatinase activity and had effect 
the amidase activity, fact that has previously 
been noted Deutsch Diniz (1955). 8-Hydroxy. 
caseinase activity almost completely, reduced the 
gelatinase activity 38% but did not affect the 
tration had moderate inhibitory effect the 
three activities tested. 

metal-ion only and ions 
had inhibitory effect greater than 15% the 
amidase activity. Caseinase activity was almost 


0-4 

0-1 

Fig. Effect the benzoylarginine amidase 


activity the venom jararaca. Reaction mixture 
0-1 ml. corresponding buffer and 0-1 ml. 
venom solution 0-9% NaCl. Tris; ammediol; 
borate. 


Table Effect metal-binding agents proteinase and amidase activity 
the venom Bothrops jararaca 


Test substances were incubated for hr. 35° with venom before addition corresponding substrate. Reaction 
mixture for the determination caseinase activity: ml. agent mixture and ml. (w/v) 


casein buffer, 8-8. For gelatinase activity: 
12% (w/v) gelatin buffer, 8-8, containing 


2-5 ml. mixture and ml. 
gum acacia. For amidase activity: 0-2 ml. venom- 


metal-binding agent mixture, 0-4 ml. amide (BAA) and 0-2 ml. buffer, 


Final Relative activity 
concn. - — 
Added substance Casein Gelatin BAA 

None 100 100 100 
Ethylenediaminetetra-acetic acid 100 


The effect cysteine could not determined because the presence L-amino acid oxidase the venom. 
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unaffected Fe?+ ions, reduced 89% Table metal ions proteinase and 
ions, 83% ions, 46% ions, 17% amidase activity the venom Bothrops jararaca 
caseinase activity bated for hr. 35° with the venom before addition 


36% and did not affect the amidase activity. The 
influence the concentration ions the 
caseinase activity was also studied, the optimum 
concentration being above (Fig. 3). Ina 


substrate. mixture was incubated with 
substrate Table BAA: benzoyl-L-arginine amide. 


activity 


separate experiment was found that ions Casein BAA 
(final mM) increased the gelatinase activity Metal ion substrate substrate 
Effect enzyme-inhibiting anions. Table shows None 100 100 
that sulphide and cyanide (final conen., 
strongly inhibited the caseinase and gelatinase 100 
activities the venom. This effect the caseinase 
activity has been previously reported Taborda 
Taborda (1940). Fluoride had effect the 
caseinase gelatinase activity. in- 
hibited strongly the gelatinase activity and did not 
affect the caseinase activity. None the anions ‘Table certain anions proteinase and 
studied had any effect the benzoylarginine activity the venom Bothrops jararaca 
amidase activity the venom. Venom solution was incubated for hr. 35° with test 
Effect heating the caseinase and amidase (final before addition substrate. 
activities the venom. shown Table mixture was incubated with sub- 
the venom boiling-water bath for strate Table BAA: benzoyl-L-arginine amide. 
sufficient destroy all caseinase activity which Relative activity 
activated Ca?+ ions, the caseinase specific 
activity (in the absence ions) falling about Substance Casein Gelatin BAA 
that the crude venom. contrast, the None 100 100 100 
amidase specific activity virtually unaffected Sulphide 
the crude venom after heating for min. 100 100 
Separation proteolytic fractions from the venom Table Effect heating the caseinase and 
Comparison hydrolytic activity casein, benzoylarginine amidase specific activities the 
gelatin and amide fractions venom 
ammonium sulphate after treat- (w/v) solution jararaca venom saline was 
ment with phosphate gel. seen boiling-water bath for different periods. the 
(Table that for the caseinase activity the each period the tube containing the sample was 
presence ions, the highest specific activity transferred ice-cold water bath. Venom 
was obtained the fraction precipitated was incubated with substrate Table Caseinase 
between 0-50 and 0-55 saturation (fraction no. activity expressed the increase optical 
density the trichloroacetic acid filtrate 275 
protein the sample. Benzoylarginine amidase specific 
activity expressed NH, liberated from benzoyl- 
L-arginine amide/mg. protein the sample. 
Specific activity 
Caseinase 
Time Ca*+ ions Ca*+ ions arginine 
(min.) absent present amidase 
1-54 2-06 45-2 
activity the venom jararaca. The venom was 0-44 0-46 
incubated for hr. with the CaCl, solution 35°, before 
addition the casein. 0-39 27-1 
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Table Comparison hydrolytic activity casein, gelatin and amide 


the various fractions precipitated with ammonium sulphate 
Precipitation with was from the supernatant the calcium phosphate gel. The caseinase and benzoylarginine 
amidase specific activities are calculated described Table The gelatinase specific activity expressed (flow. 
time protein the sample. All the reactions were performed under standard conditions (see text). 


Specific activities 


Caseinase 
Saturation Yield (%) 
no. absent present Gelatinase Amidase Protein Caseinase Gelatinase Amidase 
None 1-53 2-03 100 100 100 100 
0-40-0-45 1-33 2-52 2-76 19-7 5-0 4:3 4-4 2:7 
1-60 2-86 6-28 11-6 12-1 8-9 
0-50-0-55 1-59 3-43 33-1 13-2 13-8 30-0 
0-55-0-70 0-61 0-88 1-61 69-0 14-8 6-0 28-8 
0-70-0-80 0-66 0-66 0-94 164-0 1-4 0-61 0-42 6-4 
0-80-1-00 0-34 0-24 0-46 45-0 0-24 0-05 0-04 0-29 
Total recovery from fraction no. 60-9 


Table Benzoylarginine amidase activity fractions obtained from heated venom precipitation 


with ammonium sulphats 


Precipitation with was from the supernatant the heated venom. The venom was heated boiling-water 
bath for min., the temperature reaching 88° (see text). Specific activities were calculated described Table 


Yield 


Amidase 
Fraction Saturation with specific 
no. activity 
Nil (crude venom) 40-7 
Nil (heated venom) 
43-6 
52-0 
162 
0-70-0-80 570 
43-6 


Total recovery from fraction no. 


Protein 


100 


an 


Amidase 


100 
3-0 
1-6 
6-4 
0-3 


Most this fraction was insoluble saline and the solution was very turbid even after centrifuging high speed. 


Table Comparison the gelatinase and benzoylarginine amidase specific activities samples obtained 
the course purification the amidase activity fraction similar fraction Table 


Gelatinase and benzoylarginine amidase specific activities are expressed described Table All the reactions were 


performed under standard conditions. 


Specific activities 


Fraction 
no. Step Gelatinase 

Precipitation saturation with 1-89 

saturation with (NH,),SO, 

Reprecipitation fraction no. 0-7-0-8 6-84 
saturation with (NH,),SO, 

Electrophoretic peak (starch column) 


fraction no. 


279 


783 


Yield (%) 
Gelatinase Amidase 
100 100 
39-2 
8-9 


The amidase specific activity the crude venom from which this fraction was obtained was 29-5. 
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with ammonium sulphate, and that this fraction 
was also the one most activated Ca?+ ions 
(100%). The peak gelatinase specific activity 
was also found this fraction, but its 
amidase specific activity was the same that 
the crude venom. reprecipitation with am- 
monium sulphate further purification this 
fraction was obtained its caseinase specific 
activity (4:39) and gelatinase specific activity 
(9:48), whereas its amidase activity remained about 
the same (results are not included the tables). 
Fraction no. which had caseinase gelatin- 
ase specific activity about one-third that the 
initial venom, was found have amidase 
specific activity approximately five times great 
that the crude venom, and its caseinase 
activity was not affected Ca?+ ions. The proteins 


\ 
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Fractions 

Fig. Optical densities fractions obtained electro- 
phoresis mg. protein fraction no. (Table 5), 
under these conditions the proteins moved the 
anode. The arrows indicate the highest levels 
arginine amidase activity. 


present this fraction migrated towards the anode 
electrophoresis starch column; the electro- 
phoresis diagram obtained was very broad and the 
recorded maximum benzoylarginine amidase speci- 
fic activity was found ahead the protein peak 
(Fig. 4). Considering the electrophoretic fraction 
with the highest specific activity, overall 
purification times was observed for the 
amidase activity, giving, however, very low yield. 

Preparation purified proteolytic fraction. The 
fraction precipitated between 0-7 and 0-8 satura- 
tion with ammonium sulphate (Table fraction 
no. had the highest benzoylarginine amidase 
specific activity, and this was times great 
that the crude venom. reprecipitation 
similar fraction, obtained another preparation 
(specific activity 279), the amidase specific activity 
reached the value 1161 (Table 7). further 


0-20 


(280 mz) 


Fractions 
Fig. Optical densities fractions obtained electro- 
phoresis 1-67 mg. protein fraction no. (Table 7), 
starch column. Same conditions described for 
Fig. The part the curve between the arrows con- 
tained the highest benzoylarginine amidase activity. 


Table Comparison benzoylarginine amidase and gelatinase specific activities 
during purification Bothrops protease 


Reaction mixtures and calculation benzoylarginine amidase and viscosimetric specific activities were indicated 
the text. Incubation mixture for gelatinase activity, measured from non-protein nitrogen release: 1-5 ml. 
gelatin ml. buffer, 8-8, sample, and the volume made ml. with NaCl. The 
control for each sample consisted the same mixture, the enzyme sample being added after the deproteinizing agent. 
Non-protein nitrogen determinations were made standard technique supernatants after 


high-speed centrifuging. 


Phase preparation 


After heating and precipitation with 
saturation) 


Precipitation with 
(0-70-0-80 saturation) 


Electrophoretic peak (starch column) 


Specific activities 


Gelatinase 
Viscosity Non-protein 

Amidase method method 

123 1-20 0-21 

475 4-40 0-65 

887 7-20 0-93 


Released nitrogen (mg./mg. enzyme protein). 
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purification was obtained when this reprecipitated 
fraction was submitted electrophoresis 
starch column (tris buffer, 7-2, [=0-05). The 
benzoylarginine amidase specific activity the 
fraction which corresponded the electrophoresis 
protein peak (Fig. was found times 
(1548/29-5) greater than that the crude venom 
from which was prepared. can seen 
(Table that the increase gelatinase specific 
activity the purified fractions follows approxi- 
mately the increase the amidase specific activity. 


DISCUSSION 


The results presented here show similar optima 
for benzoylarginine amidase and caseinase activi- 
ties the venom Bothrops jararaca (Figs. 2). 
The pertinent results also show that, the crude 
venom, the amidase activity differs markedly from 
either the caseinase the gelatinase activity 
sensitivity metal-binding agents, metal ions and 
some anions. Thus the presence ethylene- 
diaminetetra-acetic acid and 8-hydroxyquinoline 
the caseinase and gelatinase activities were very 
much decreased, whereas the amidase activity was 
unaltered; ions increased the caseinase and 
gelatinase activities but did not affect the amidase 
activity; sulphide and cyanide strongly inhibited 
the caseinase and gelatinase activities, but did not 
affect the amidase activity. Therefore the effects 
activators and inhibitors the caseinase and 
the gelatinase activity the crude venom were 
roughly parallel, exception being the action 
iodoacetate, which strongly inhibited the gelatinase 
activity without affecting either the caseinase 
the amidase activity. Heating the venom 
boiling-water bath further distinguished the Ca?+ 
ion-sensitive caseinase activity from the amidase 
activity. Thus heating for min., without changing 
the amidase specific activity, caused 
destruction the calcium-activated caseinase 
activity and sharp decrease the caseinase 
specific the other hand, the remaining 
caseinase, well the amidase specific activity, 
was not affected more prolonged heating 
boiling-water bath, least 5min. These 
observations confirm the finding Hamberg 
Rocha Silva (1956, 1957) who reported heat- 
resistant benzoylarginine methyl esterase the 
venom jararaca. The difference between the 
benzoylarginine amidase activity and the calcium- 
activated caseinase and gelatinase activities also 
apparent from experiments the fractionation 
the venom with ammonium sulphate after treat- 
ment with caicium phosphate gel, since the fraction 
obtained saturation, with about the 
same specific amidase activity the initial venom, 
had the highest calcium-activated caseinase (about 
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1-7 higher than the crude venom) gelatinase 
specific activity (about 2-2 higher than the crude 
venom); the other hand, the fraction 
tated saturation, with caseinase 
gelatinase specific activity about one-third 


high the starting material, had the highest 


amidase specific activity (about 4-6 times higher 
than the crude venom). 

Heating the venom before precipitation the 
benzoylarginine amidase 0-7—0-8 saturation with 
ammonium sulphate proved advantageous, 
This procedure, followed two reprecipitations 
and zone electrophoresis, led fraction times 
more active than the crude venom. The conconi- 
tant increase gelatinase specific activity ob- 
served during the purification the amidase 
(Table shows that, expected, the amidase 
the venom jararaca real endopeptidase, 
and accordingly propose call Bothrops 
protease That the decrease viscosity gela- 
tin due proteolysis was shown parallel 
nitrogen run with samples obtained different 
phases separate preparation Bothrops 
protease (see Table 8). can seen that the 
proportional increases activities 
from hydrolysis benzoyl-L-arginine 
amide, viscosity and non-protein nitrogen were 
about the same the two last phases purifica- 
tion after heating. noteworthy, however, that 
the purified preparations Bothrops protease 
had doubtful casein-hydrolysing activity when 
used amounts ten times greater than 
benzoylarginine amidase activity. Although 
rops protease proved behave like trypsin its 


action upon amide, differs 


from the latter with gelatin and casein, the first 
which very slowly hydrolysed and the second 
which seems not hydrolysed this protease. 
must also mentioned that soya-bean trypsin 
inhibitor ovomucoid, which inhibits the hydro- 
lysis benzoylarginine ester, does not affect 


the action Bothrops venom this 


substrate (Deutsch Diniz, 1955). 


SUMMARY 


The hydrolysis casein and gelatin the 
venom Bothrops jararaca enhanced ions 
and inhibited sulphide, cyanide, cysteine, 
reduced glutathione, 
acid, and histamine, whereas 
the hydrolysis benzoylarginine amide 
ately inhibited only reduced glutathione and 
histamine. 

The venom fraction precipitated between 
0-50 and 0-55 saturation with ammonium sulphate 
proved activated ions when hydro- 
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lysing casein and had specific activity about 
twice high that the crude venom when 
hydrolysing casein gelatin; its benzoylarginine 
amidase specific activity was about the same 
that the crude venom. 

The venom fraction precipitated between 0-7 
and saturation with ammonium sulphate had 
specific activity about four times higher than the 
venom when hydrolysing benzoylarginine 
amide; was insensitive Ca?+ ions when hydro- 
lysing casein and its caseinase and gelatinase 
activities were lower than those the crude venom. 

isolation technique has been described 
which leads the preparation from the venom 
heat-resistant proteolytic enzyme which pre- 
cipitated between 0-7 and 0-8 saturation with 
ammonium sulphate and has 
amidase specific activity times higher than the 
crude venom. 


Two and M.F.) are indebted the 
Brazilian Research Council for personal grants. 
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Microdetermination Cellulose Studies with Cellulase 


HALLIWELL 
Rowett Research Institute, Bucksburn, Aberdeenshire 


(Received July 1957) 


Cellulose preparations may contain other poly- 
saccharides impurities (cf. Huffman, Rabers, 
Spriesterbach Smith, 1955). When such prepara- 
tions are used substrates for cellulase care must 
taken ensure that the degradation observed 
the cellulose and not the impurities (Halli- 
degradation the cellulose allowed take 
place, and measure such degradation the 
rate solubilization the polysaccharide, 
process which does not necessarily involve com- 
plete degradation sugars. This rate can 
determined measuring the loss weight the 


cellulose. Until recently microprocedures have not 
been available for the determination cellulose. 
Schramm Hestrin (1954) describe acetolytic 
volves critical alkali neutralization. More 
recently, Dearing (1957) has reported chromo- 
genic reaction with concentrated sulphuric acid 
which can used the quantitative estimation 
cellulose. Both these methods, however, involve 
preliminary and lengthy centrifuging the 
cellulose and has been found that the cellulose 
often fails precipitate even the presence 
powder. This failure the cellulose 
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sediment was particularly prominent when 
hydrochloric acid, 0-7N-ammonia solution, 
(w/v) Teepol and redistilled absolute ethanol, 
the reagents used remove bacteria from cellulose 
fermentations, were employed (Halliwell, 

The present paper describes new micromethod 
for the quantitative determination cellulose 
enzyme reactions and based upon the use 
sintered-glass filter sticks for the separation and 
washing the cellulose followed oxidation 
the cellulose the presence dichromate. The 
excess dichromate then determined colori- 
metrically method has the 
advantage that filtration quicker and more 
convenient than repeated centrifugings, cellulose 
not lost supernatant-fluid fractions and, finally, 
the reaction stoicheiometric. The procedure has 
been applied swollen cellulose, cellulose powder, 
hydrocellulose prepared from absorbent cotton 
and cotton fibres. 


MATERIALS AND METHODS 


Reagents 


The dichromate procedure Johnson (1949) for the deter- 
mination non-volatile organic matter was modified for 
application cellulose. 

Potassium dichromate solution. Potassium dichromate 
(A.R., dissolved ml. water and diluted 
11. with 98% H,SO, (M.A.R., British Drug Houses Ltd.). 
The reagent kept glass-stoppered vessel protected 
from dust. 

Sodium sulphite. make this solution (20%, w/v) 
(A.R.) dissolved water and made 
ml. (40 mg./0-2 ml. soln.). The solution kept 
vessel with high ratio volume surface area and 
stored 1°. necessary prepared fresh each week. 

Standard glucose solution. (w/v) aqueous solu- 
tion glucose (A.R.) prepared and stored 1°. For use 
constructing glucose calibration curve the stock 
glucose solution diluted times (3-5 mg./ml.) 
and suitable samples are pipetted out cover the range 
0-1-1-4 mg. glucose (0-09-1-26 mg. cellulose). 

Cellulose samples. Cellulose powder (Whatman) the 
standard-grade ashless powder for chromatography. 
Swollen cellulose prepared from Whatman cellulose 
powder soaking 90% phosphoric acid (A.R.) 
for hr. and then washing until acid and phosphate- 
free (Walseth, 1952). Hydrocellulose prepared from 
(A.R.) for hr. 18°. After rejecting the supernatant 
fluid the fine powder poured into water and then filtered 
off Biichner funnel, washed with water until acid- and 
chloride-free and finally dried vacuo room temper- 
ature. Native cotton fibres (Peruvian Tanguis, kindly 
supplied the British Cotton Industry Research Associa- 
tion) are dewaxed follows. The fibres are first extracted 
Soxhlet apparatus with redistilled ethanol for hr. and 
then with ether for They are next refluxed» under 
nitrogen (w/v) NaOH soln. for After washing 
the fibres with hot, boiled water until they are neutral, 


washing continued repeatedly with cold water, followed 
(v/v) acetic acid and then water. The product 
finally dried air. All the above cellulose products are 
typical substrates enzymic work with cellulase (see 
Halliwell, 

Cellulose weights. Samples cellulose are weighed 
microbalance reading the nearest which represents 
0-5 the smallest weight cellulose determined. Hence 
results the text are quoted the nearest 1%. Where 
necessary, figures are corrected for moisture (dried 
and ash content (incinerated 750°) cellulose samples. 

porosity Pyrex, Sunderland, England) are employed 
all filtrations. For some forms cellulose, particularly the 
‘swollen’ variety, the faster-flowing filter sticks (of those 
available porosity are used. 

Filtration apparatus. The equipment technique 
described Halliwell (1950) for the microdetermination 
oxalic acid means filter sticks are used throughout 
with the exception that glass-to-glass connexions with 
filter stick are effected with polythene tubing. 


Analytical procedure 


Determination cellulose. The sample cellulose 
test tube size slightly larger both width and height 
than the filter stick washed either with water succes- 
sively with 3-8n-HCl, aq. soln., (w/v) 
ethanol and water (see Halliwell, 1957a). The reagents 
are removed turn slight vacuum applied indirectly 
the filter stick through Biichner flask. After several 
washings ml. water) the cellulose sucked dry 
possible with the filter stick and all water removed 
from inside the filter stick applying maximal vacuum 
through the Biichner flask: 0-9 ml. water and 
dichromate solution are then added each tube with 
its contained filter stick and also two empty ‘blank’ 
tubes. The dichromate solution rapidly passes through the 
sintered plate (if slow, may assisted with slight 
vacuum) and, when the plate covered, compressed air 
followed vacuum applied expel the dichromate 
from, and subsequently attract back through, the 
sintered plate. The tubes are then covered with glass ‘pear 
bulbs’ that the bulb closes the neck the tube and does 
heated boiling-water bath for 1-5 hr. and then cooled 
ml. water added each tube and the 
contents are mixed, allowed cool and the solution 
sucked rapidly through the filter stick under vacuum intoa 
test tube contained Biichner-type Quickfit boiling tube 
with side arm for vacuum. further water 
likewise sucked rapidly the filter stick; speed 
necessary reduce possible contact with the polythene 
connexion. This has not caused trouble. Additional 
washings are made with suitable volumes water until 
total exactly ml. washing water has been added 
the original 2-9 ml. dichromate mixture. After the first 
two rapid washings, subsequent washes are used rinse 
the filter stick and the sides the test tube, after which the 
liquid sucked slowly through the filter stick into the 
receiver. The latter then closed with ground-glass 
stopper and the contents are mixed inversion: ml. 
water added directly each the ‘blank’ tubes and, 
after mixing each turn, 0-2 ml. (40 mg.) 20% 
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added one the blanks, which again 
mixed. All tubes are then read against the reduced blank 
the Spekker photoelectric absorptiometer (Hilger) with 
the violet (no. 601) filters. desired, the excess di- 
chromate, after dilution, may determined titrimetric- 
ally with and thiosulphate (Johnson, 1949) using 
ferrous ammonium sulphate ml. mg. 
cellulose). the present procedure for the determination 
enzymic hydrolysis cellulose the colorimetric method 
preferred for its convenience and rapidity. The amount 
cellulose present read from glucose calibration curve, 
the factor 0-9 being used obtained the unknown equiva- 
lent cellulose values. 

Glucose calibration curve for cellulose determination. 
Suitable volumes the standard glucose solution, 
cover the range 0-1--1-4 mg. glucose, are pipetted into 
Quickfit test tubes and all tubes are made 0-9 ml. 
with water. Two blank tubes are also included with 0-9 ml. 
water. The dichromate solution ml.) added and the 
reactants are carefully mixed. The tubes are closed with 
pear bulbs and heated boiling-water bath for min., 
after which they are cooled and 
water added each tube. After fitting the tubes with 
ground-glass stoppers and mixing, 0-2 ml. 20% (w/v) 
sodium sulphite added one the blanks and mixed. 
The remaining tubes are read against the reduced blank 
with violet filters (no. 601) the Spekker photoelectric 
absorptiometer (Hilger). 


RESULTS 


Quantitative recovery cellulose from water 
suspensions. Table shows the recoveries 
cellulose powder over the range from 0-2 1-1 mg. 
cellulose. Recoveries similar those given 
the table were also obtained with the other forms 
cellulose, namely swollen cellulose, hydrocellulose 
and dewaxed cotton fibres. the earlier experi- 
ments recoveries tended lower, but this was 
overcome using the faster-flowing filter sticks 
those available porosity (average pore diam. 
20-30 and the compressed air-vacuum treat- 
ment described above (‘Analytical procedure’). 
The latter treatment, carried out before putting the 
filter sticks the water bath, prevented carboni- 
zation the sintered plate, which sometimes 
with the slower-flowing filter sticks. 

improvement recoveries was obtained 
drying (105° for 15hr.) the cellulose and filter 
sticks before digestion with dichromate. the 
level cellulose, recoveries after oven- 
drying were identical with those Table where 
the cellulose was merely sucked dry the filter 
stick. the other hand, the 0-8 mg. level 
cellulose, oven-drying regularly gave low recoveries 
(90% theory). 

The results obtained washing the cellulose 
with water before the dichromate treatment were 
the same those obtained washing with the 
selected reagents (HCl, aq. NH, soln., Teepol, 
ethanol) described above. This confirms earlier 
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work (Halliwell, which was found that 
the selected reagents acted principally removing 


bacterial debris from bacterial fermentations 


cellulose. 

Recoveries cellulose were made worse 
using higher concentration H,SO, the final 
dichromate and cellulose mixture. When the 
0-9 ml. water was omitted and ml. dichromate 
added the cellulose, there was greater tendency 
for carbonization occur the sintered plate. 
the other hand, the glucose determination 
the presence water (up the final 
dichromate and glucose mixture) had negligible 
effect the results, apart from the expected dilu- 
tion colour intensity. 

Recovery cellulose from fermentation media. 
order avoid errors correcting for moisture, 
ash, etc., experiments were done com- 
paring the cellulose obtained after filtration (from 
culture medium) with the figure for similar 


Table Recovery cellulose powder after 
and washing 
Each weight represents the average seven determina- 


tions. Figures are corrected for moisture and ash content. 
Results are calculated anhydroglucose. 


Cellulose Cellulose Range 
taken found recovery 
(average, mg.) (%) 
1-084 100 
0-663 96-102 
0-353 96-101 
0-190 


95-100 


Table Recovery added cellulose from 
fermentation media 


Cellulose used was cellulose powder (Whatman). For 
each the four average weights given, five pairs samples 
cellulose were weighed out. One sample each pair was 
estimated for cellulose directly (not filtered) with dichro- 
mate and the other was placed tube with ml. 
phosphate buffer +0-067m- 
KH,PO,) and 5ml. heat-inactivated cellulase from 
Myrothecium verrucaria (Halliwell, The 
enzyme mixture was filtered off and washed filter sticks 
and the cellulose determined the dichromate procedure. 
The figures give the recoveries the cellulose filtered out 
from fermentation medium expressed percentage 
the value found for the unfiltered celluose. 


Recovery from 


fermentation 
Cellulose medium 
found* (average, recovery 
(average, mg.) found) 
1-168 100 99-100 
0-797 97-100 
0-296 100 99-100 
0-206 97-102 


Calculated from calibration curve. 
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sample determined directly without filtration. Thus 
Table recoveries are quoted for experiments 
which cellulose was filtered out from culture 
medium Myrothecium verrucaria. For each 
the average weights 1-168, 0-797, 0-296 and 
0-206 mg., five pairs samples cellulose powder 
were weighed out. One sample each pair was 
estimated for cellulose directly adding 0-9 ml. 
water and 2ml. dichromate solution. The 
second sample each pair was placed test 


100 


Cellulose recovered weight taken) 


Heating time (hr.) 


Fig. Effect heating time the recovery cellulose. 
Cellulose used was cellulose powder (Whatman). Cellu- 
lose (1-197 mg., average seven replicates for each 
point) was washed with water filter sticks and sucked 
dry; 0-9 ml. water and ml. dichromate were added 
and all tubes heated boiling-water bath for the times 
shown. The oxidation mixture was then washed through 
the filter sticks with total ml. water portions. 
The tubes were read colorimetrically and results calcu- 
lated anhydroglucose; they are given percentages 
the weights cellulose taken. 


tube, which was added ml. phosphate buffer 
(pH 5-5, and 
and 5ml. heat-inactivated, cell-free cellulase 
from verrucaria (Halliwell, The cellu- 
mixture was filtered off immediately 
and washed with water the usual manner. After 
sucking the cellulose dry the filter stick was 
treated with dichromate solution described 
above (‘Analytical procedure’). 

Effect heating time with dichromate the 
recovery cellulose. Fig. shows that maximal 
recoveries were obtained oxidizing the cellulose 
with dichromate for 1-5 hr. some experiments 
shorter times heating hr. and even 0-5 
gave complete recovery, but case has longer 
than 1-5 hr. been required. 

Application the method the determination 
cellulase. Finally, the present micromethod for 
cellulose determination has been applied the 
determination the cellulase Myrothecium 
verrucaria. Cell-free preparations the cellulase 
were examined for activity cellulose powder 
and swollen cellulose (Halliwell, The 
enzyme was incubated with each the substrates 
Na,HPO, and Table shows 
that the cellulose powder was solubilized 
extent about 11% its initial weight, whereas 
the swollen cellulose was almost completely 
solubilized (88%). These figures confirm results 
achieved the semi-micro scale for similar 
enzyme preparation similar substrates (Halli- 
well, Swollen cellulose, although attacked 
more rapidly than cellulose powder, resembles 
native cellulose more than does 
cellulose. Varying the duration hydrolysis 
(Fig. and varying the enzyme concentration 
(Fig. provide non-linear curves. one would 
expect, the figures illustrate that the amorphous 
regions were attacked more readily than the less- 
reactive centres the cellulose. 


DISCUSSION 


For some time the microprocedure Schramm 
Hestrin (1954) for the determination cellulolysis 
enzyme preparations from micro-organisms was 
used and highly satisfactory results were obtained 


Table Cellulolysis cell-free enzymes Myrothecium verrucaria determined the present method 


verrucaria cell-free enzyme preparation (Halliwell, 19576) was incubated phosphate buffer (as Table 2), 
37° for the times stated. Substrate consisted cellulose powder (Whatman) swollen cellulose powder (Whatman) 


(Halliwell, 19575). 


Incubation Cellulose (mg.) Cellulose 
time Enzyme solubilized 
Substrate (ml.) Initial Final initial) 
Cellulose powder 0-88 0-78 
Swollen cellulose powder 0-5 0-94 0-11 
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time 

Fig. Effect period incubation 37° the hydro- 
verrucaria. Substrate, swollen cellulose powder (What- 
man) (Halliwell, Other conditions were 
described for swollen cellulose powder Table 


when filter sticks were substituted for centrifuging. 
The original procedure, however, with repeated 
centrifugings cellulose was time-consuming and 
often gave rise losses cellulose supernatant 
fractions, particularly when several different solu- 
tions were required for cleansing the cellulose before 
its determination. The introduction filter sticks 
the method overcame some the delay, but not 
that associated with the acetolysis the cellulose. 
The method described the present paper with 
filter sticks and dichromate relatively rapid and 
well adapted general use for cellulose determina- 
tion. The reaction stoicheiometric and may 
followed titration more conveniently 
colorimetry. the procedure presented here 
mg. cellulose appears the lower limit 
for reasonable accuracy. This weight probably 
the lower limit for most laboratories view the 
error involved weighing the microbalance. 


SUMMARY 


micromethod described for the quanti- 
tative determination cellulose. The cellulose 
washed with water other solvents sintered- 
glass filter stick. The cellulose then oxidized 
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Cellulose solubilized initial wt.) 


Concn. enzyme (arbitrary units) 

Fig. Relationship between decomposition cellulose 
and concentration enzyme verrucaria. Sub- 
strate, swollen cellulose powder (Whatman) (Halliwell, 
incubated 37° for min. Other conditions 
were for swollen cellulose powder and described 
Table The activity value concentration that 
0-7 ml. cell-free extract verrucaria. Other 
enzyme concentrations were obtained dilution this 
extract, 0-7 ml. the diluted solution being used for 
each assay. 

stoicheiometrically with 

mate reagent, the excess dichromate being 

determined titrimetrically or, more conveniently, 
colorimetrically. The cellulose calculated 
anhydroglucose from glucose calibration curve. 

The method covers the range from 0-2 mg. 
cellulose, with average recovery (range 
1-1 mg. cellulose, with average 
recovery (range %). 

The applicability the method different 
forms cellulose (cellulose powder, swollen 
cellulose, hydrocellulose and dewaxed cotton 
fibres) has been verified. 

The procedure has been used determine 
cellulolysis the cellulase 
verrucaria. 
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The Relationship Between Glucuronidase and Galacturonidase 
Activity the Limpet and Mammalian Tissues 


Rowett Research Institute, Bucksburn, Aberdeenshire 


(Received September 1957) 


the first systematic study the enzyme 
glucuronidase, Masamune (1938) showed that ox- 
kidney preparations did not hydrolyse 
menthyl and this compound was 
also not hydrolysed mouse-liver 
ase (Levvy Marsh, 1952) and snail pre- 
paration rich and other 
simple glycosidases (Utusi, Huzi, Matumoto 
Nagaoka, 1949). Nevertheless, although not 
ubiquitous the residue, there 
evidence for naturally occurring «-conjugated 
glucuronic acid, for example wheat straw 
(Bishop, 1953; Roudier, 1953). has been inferred 
that uridine acid also has 
the (Storey Dutton, 1955; 
Strominger, Maxwell, Axelrod Kalckar, 1957). 

The synthesis chromogenic «-glucuronides (see 
Appendix) made search for enzyme hydro- 
lysing these compounds feasible, and rich source 
was found the visceral hump the common 
limpet (Patella vulgata), which was already known 
contain f-glucuronidase (Dodgson, Lewis 
Spencer, 1953) well many other simple 
glycosidases (Conchie Levvy, 
uronidase activity was also detected elsewhere, but 
not mammalian tissues. 

During this investigation was observed that 
limpet preparations hydrolysed 
and, lesser extent, Hydro- 
lysis both types was inhibited 
saccharo-1:4-lactone and less powerfully 
boiled mucate solution, suggesting that single 
enzyme was responsible for both reactions. Since 
these inhibitors act similarly mammalian 
glucuronidase (Levvy, 1952; see also Conchie 
Levvy, 1957), was considered possible that this 
enzyme should also hydrolyse 
and this has been verified. Previous evidence from 
experiments with competing substrates had sug- 


gested that are unaffected 
glucuronidase (Levvy Marsh, 1952), although the 
enzyme was known inhibited 
uronic acid well D-glucuronic acid (Levvy, 
1952). 

The method synthesis employed for aromatic 
glucuronides and galacturonides (see Appendix) 
was extended the preparation and 
These are com- 
pounds particular interest that the sugar 
moiety said occur bacterial polysaccharides 
(Park, 1951; Webster, Clark Freeman, 1954) and 
closely related one the structures proposed 
for neuraminic acid and sialic acid (Klenk, Faillard, 
Weygand 1956), although this structure 
open doubt (Cornforth, Daines Gottschalk, 
1957). Neither glucosaminuronide was, however, 
hydrolysed the appropriate glucuronidase 
glucosaminidase. 


EXPERIMENTAL 
Materials 


Phenolphthalein glucuronide (Talalay, Fishman Huggins, 
1946) and veratroyl glucuronide (Sammons Williams, 
1946) were biosynthetic. The synthesis other aromatic 
glycuronides employed and borneol are 
described the Appendix (Marsh Levvy, 1958); 
aliphatic glycuronides were prepared described 
Marsh (1952). and p-mannuronic acid were 
prepared from methyl «-p-mannuronide. Sources 
other compounds used are given recent paper (Conchie 
Levvy, 1957). 

Two types solution the inhibitory saccharo-1:4- 
lactone were employed: (a) the freshly dissolved pure 
lactone; (b) aqueous mM-potassium hydrogen saccharate 
maintained 100° for min. convert one-third the 
anion into described Levvy 
(1952). Where the latter was employed referred 
‘boiled saccharate’ the text. Similarly, ‘boiled mucate’ 
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solutions were prepared heating aqueous solutions 
acid, for 100° (Levvy, 1952); the 
resulting equilibrium mixture contains the inhibitory 
galactosaccharolactone, which has never been isolated. 


Enzyme preparations 


Limpet. The preparations were made the method 
previously described (Levvy, Hay Marsh, 1957). For 
estimations reducing sugar the stock enzyme prepara- 
tion ml./g. tissue) was dialysed Visking sausage 
casing against distilled water for dialysis was 
prolonged done room temperature, the sac ruptured 
preparation (Festenstein, 1957, personal communication). 
second fractionation between and 80% saturation 
with was done and the enzyme dissolved the 
minimal volume water (about ml./g. original tissue). 

Mammalian. Mouse- and rat-liver preparations were 
made described Levvy (1952). Most the experi- 
ments were, however, done with the enzyme from female 
rat preputial (clitoral) gland, the richest known source 
B-glucuronidase (Beyler Szego, 1951), prepared 
follows. Both freshly dissected glands (weighing together 
about 100 mg.) from adult rat were suspended 
acetic buffer, 5-2, with the glass homo- 
genizer (Jencons Ltd.). After incubation 37° for hr. 
the homogenate was centrifuged 1500 for min., and 
the supernatant was fractionated with The 
precipitate obtained between and 80% saturation was 
dissolved ml. water/100 mg. tissue, and diluted 
required. With phenyl substrate, this 
preparation was not activated deoxyribonucleic acid 
(cf. Bernfeld, Bernfeld, Nisselbaum Fishman, 1954) the 
optimum pH. 

Enzyme assay 


Liberation phenol. The hydrolysis phenyl glyc- 
uronides was followed the procedure Kerr, Graham 
Levvy (1948), colour intensity being measured the 
Spekker absorptiometer with Ilford no. 608 
(wavelength peak transmission, 680 Incubation 
enzyme and substrate was for 37° 
acetic buffer, 5-2, the substrate concentra- 
tion being unless otherwise stated. inhibition 
experiments, correction was made for interference 
glucuronic acid and p-mannuronic acid added relatively 
high concentration (Karunairatnam Levvy, 1949); 
acid did not interfere. 

Liberation and p-nitrophenol. The procedure 
Conchie (1954) was adopted. «-glucuronide 
was unstable alkaline pH, especially the presence 
tissue preparations trichloroacetic acid filtrates 
Dodgson Spencer, 1957). With this substrate therefore 
NaOH and glycine buffer were added individual tubes 
immediately before reading the colour intensity for free 
nitrophenol. 

phenolphthalein. See Levvy (1952). 

reducing sugar. See Levvy Marsh (1952). 


RESULTS 
a-Glucuronidase 


Occurrence. Appreciable «-glucuronidase activity 
was observed only the limpet, although trace 
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Table Inhibition limpet «-glucuronidase 
D-sugar acids and sugar-acid lactones 


Substrate: «-glucuronide; inhibitor con- 
centration: unless otherwise stated. 


Inhibition 
Inhibitor (%) 
Glucuronic acid 
Glucurone 
Galacturonic acid 
Mannuronic acid 
Mannurone 
Saccharo-1:4-lactone (mM 
Mucate (after hr. and 100°) 
Glucono-1:5-lactone 
Glucono-1:4-lactone 
Galactono-1:4-lactone 
Mannono-1:4-lactone 
Xylono-1:4-lactone 
Arabono-1:4-lactone 


activities were detected elsewhere. With 
«-glucuronide substrate, activity 
was detected any tissue from adult infant rats 
either sex, with the exception the large 
intestine, where appeared associated with 
the digesta rather than the organ itself. particu- 
lar, enzyme activity was detectable crude 
preparation female rat preputial gland final 
concentration the incubation with substrate 
moist weight; assays this 
tissue are customarily done levels 
for the phenol and 0-00025% for the phenol- 
phthalein method. «-Glucuronidase 
absent from human cancer tissue. 

The enzyme was detected the sediment 
obtained centrifuging high speed (10 
for min.) the rumen liquor from sheep fed 
hay, and fungi Polystictus 
versicolor and Coniophora cerebella, but not the 
organism Sporocytophaga 
commercial fungal pectinase preparation (L. 
Light and Co. Ltd.) possessed slight «-glucuronid- 
ase activity, hydrolysis 
uronide being about one-tenth that 

Inhibitors and competing substrates. number 
sugar acids and sugar-acid lactones, some them 
known specific inhibitors for other glyco- 
sidases (Conchie Levvy, 1957), were tested 
inhibitors limpet «-glucuronidase acting 
NaOH buffer, The results are shown 
Table Saccharo-1:4-lactone and boiled mucate 
solution, which are powerful inhibitors mam- 
malian and limpet (Levvy, 1952; 
Levvy al. 1957), had effect «-glucuronidase, 
suggesting that different enzyme. «-Gluc- 
uronidase resembled that was 
inhibited acid and, lesser 
39-2 
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extent, acid, but differed from 
glucuronidase that was inhibited 
mannuronic acid and xylonolactone. 

Table shows the effect other glucuronides 
the hydrolysis «-glucuronide limpet 
preparation under the same conditions. The enzyme 
preparation this instance had previously been 
treated 2-75 room temperature in- 
activate (see below) and thus 
reduce interference glucuronic acid liberated 
from Liberation phenol was 
depressed non-chromogenic «-glucuronides, but 
acid may have been due free 
glucuronic acid resulting from phosphatase activity. 

reducing sugars. Limpet prepara- 
tions were found liberate reducing sugar from 
(—)-menthyl borneol 
uronide and methyl and 
Hydrolysis the was presumably 
due the the preparation (see 
below) since was almost completely inhibited 
solution, contrast with hydrolysis the 
galacturonide, which was unaffected. The limpet 
preparation caused hydrolysis methyl «-p- 
mannuronide. 

Identification free glucuronic acid the enzyme 
hydrolysate. Chromatographic identification free 
glucuronic acid liberated from phenyl 
uronide limpet preparation was carried out 
described for the hydrolysis phenolphthalein 
similar enzyme preparation 
(Levvy al. 1957). Hydrolysis was, however, 
continued for hr. The only spots obtained the 
chromatogram those for glucurone and 
glucuronic acid. 


were 


Comparison the different glycuronidases 
the limpet 


curves. The appropriate phenyl 
glycuronides were employed substrates 
acid—NaOH buffer. Fig. (a) shows the effect 


Table Effect other and B-glucuronides the 
release phenol from «-glucuronide 
limpet «-glucuronidase 


Concentration competing substrate: mm; the enzyme 
was treated with acid. 


Inhibition 
Competing substrate (%) 
Borneol «-glucuronide 
Veratroyl 
acid 1-phosphate 


acid 1-phosphate 


100 


Relative activity 
o 


> 
o 


Relative activity 


Fig. Effect varying the the and 
uronidase and galacturonidase activity limpet prepara- 
tions acting the appropriate phenyl glycuronides 
concentration mm. single enzyme preparation 
was employed throughout, and the optimum glucuron- 
idase activity taken 100. (a), «-Glycuronidases; 
(b), B-glycuronidases; glucuronidase; galacturon- 
idase. The enzyme preparation was diluted tenfold the 
B-series. 
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the «-glucuronidase and «-galacturonidase 
activity limpet preparations. Optimum 
investigation lower was limited the in- 
solubility the substrate. The optimum for 
galacturonidase activity was considerably higher 
the preparation employed the experiments 
illustrated Fig. was 1900 phenol liberated 
ase «-galacturonidase activity was 3-5 

shown Fig. the optimum for limpet 
Galacturonidase activity displayed 
optimum around 3-4. 3-6, the ratio 
1-4, and for this particular preparation the ratio 
activity was 10. optimum 
3-8 was previously reported for limpet 
glucuronidase when phenolphthalein 
was employed substrate (Levvy al. 1957). 

pH-Stability curves. The inactivation limpet 
extremes the range has 
been described previous paper which phenol- 
phthalein was employed substrate 
(Levvy al. 1957) and the results are good 
agreement with those reported here. 

The comparative stabilities limpet and 
glucuronidase and galacturonidase are shown 
Fig. Samples single enzyme preparation 
(20 ml./g. tissue) were adjusted the required 
with HCl NaOH, incubated 37° for 
cooled and brought back the original 
(5:4). After suitable dilution the samples were 
assayed for the four glycuronidase activities, 
NaOH buffer, being used, and compared 
with untreated sample the enzyme that had 
been stored 0°. 

There was little difference stability between 
the two «-glycuronidases the one hand and the 
two the other. There was, 
however, marked difference between the enzymes 
the and those the that the 
former were stable between lower limits, con- 
firming the view that the and are 
distinct. obtain «-glycuronidase free from 
glycuronidase, was found convenient allow the 
limpet preparation stand room temperature 
activity was thereby retained, but less than 
the activity. 

Relative heat stability. unbuffered limpet 
preparation (50 ml./g. tissue) lost 60% its 
ase activity after 60°. This effect was 
dependent the protein and salt concentrations 
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the preparation. concentrated, unbuffered 
preparation (2-5 ml./g. tissue) there was only 
loss «-glucuronidase activity after min. 
60°; repetition this treatment after dialysis 
the same preparation caused almost complete 
loss «-glucuronidase activity. 

Heat treatment distinguished between «-gluc- 
uronidase and «-galacturonidase activity limpet 
preparations (50 ml./g. tissue), shown Fig. 


100 


o 


Residual activity (%) 


Fig. Effect heating for hr. 37° limpet glyc- 
uronidase activities preparations adjusted varying 
uronidase. Residual activity each enzyme expressed 
percentage the initial value. 


100 


Residual activity 


Time 60°, min. 

Fig. Effect heating 60° for varying periods the 
and a-galacturonidase (@) activity 
limpet preparations. Initial «-glucuronidase activity 
taken 100%. 
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After varying periods 60°, assays were done with 
buffer, 4-1. The ratio «-glucuronidase 
activity fell from initial 
figure 2-9 unity after min., owing the 
greater percentage loss the 
activity. (It should noted that the substrate 
concentration here was only one-tenth that em- 
ployed the experiments Fig. 1.) 

Table shows the inhibitory effects glucuronic 
acid and galacturonic acid preparation 
before and after heat treatment; inhibition 
galacturonic acid both «-glycuronidase activities 
was increased heat treatment, whereas the 
effect glucuronic acid remained unchanged. 

These experiments suggest that there may 
two differing heat stability 
the limpet. Brooks Reid (1955) found that the 
oligosaccharidase component pectinase pre- 
paration was stable 60° for min. 

Effect varying the substrate concentration the 
presence and the absence inhibitors. The phenyl 
glycuronides were employed substrates and the 
concentration was varied from 0-1 
instance was inhibition excess substrate 
observed and all inhibitors acted competitively. 


Table shows mean values for K,, and With 
the «-glycuronidases, these values were calculated 
the method Lineweaver Burk, 1934 (see 
also Haldane, 1957), but the results obtained with 
the did not give linear plot 
this method calculation, and values for K,, and 
were derived from the direct plot activity 
against substrate concentration. 

The value for for boiled saccharate mucate 
solution was sufficiently close with both 
uronidases support the view that these were 
single enzyme. With the «-glycuronidases, for 


1958 


glucuronic acid showed little change passing 


from one substrate the other, but the figure for 
galacturonic acid altered consistently more than 
was expected for single enzyme. 

Values for for boiled saccharate and mucate 
agreement with those previously reported (Levvy 
al. 1957) with phenolphthalein 
substrate, namely for saccharo-1:4- 
lactone and 6-7 10-5 for boiled mucate solution. 


was readily hydro- 


lysed limpet preparations and hydrolysis was 
powerfully inhibited boiled saccharate and 
mucate solutions. 


Table Effect heat treatment (20 min. 60°) the susceptibility «-glucuronidase and «-galact- 
uronidase activity limpet preparation (50 ml./g. tissue) inhibition glucuronic acid and 


galacturonic acid 


Substrate: mm-phenyl glycuronide; assays were done 


Inhibition 


Enzyme Inhibitor Before heating After heating 
mM-Galacturonic acid 


Table Dissociation constants for the complexes formed limpet glycuronidases 
with substrate and inhibitors 


The phenyl glycuronide was employed substrate for each enzyme, and measurements were made the 
and 3-6 the f-series. Saccharate and mucate solutions were boiled before use, effect lactonization (see 


Experimental). 
Enzyme 
0-40 
B-Galacturonidase 
0-39 


Saccharate Mucate 
0-32 
0-26 
Glucuronate Galacturonate 
(mM) 
4:7 
0-60 


Apparent values; inhibition was due lactone formed solution. 
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activity mammalian 
B-glucuronidase 

curves. With the appropriate phenyl 
substrate, preparations female 
rat preputial gland displayed optimum for 
glucuronidase activity and for 
galacturonidase activity 3-9 (Fig. 4). Typical 
and activities ex- 
hibited the optima were 600 000 and 250 000 
respectively. The ratio 
activity was 3-9 and 


100 


Relative activity 
a 


> 
o 


Fig. Effect varying the the 
and activity single preparation 
female rat preputial gland. Substrate: mm-phenyl 
Optimum activity taken 100; 
glucuronidase; galacturonidase. 
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identical ratios were obtained with 
different rat preputial-gland preparations, and the 
same ratio 4-5 was obtained with dialysed 
rat-liver preparation. unlikely that the freak 
level activity female rat 
preputial gland (about 100 times the value 
rat liver) would reflected different 
uronidase activity unless both were due the 
same enzyme. 

Effect varying the substrate concentration the 
presence and the absence inhibitors. The effect 
varying phenyl and phenyl 
galacturonide concentration between and 
the optima for both substrates was 
studied with female rat preputial-gland prepara- 
tion, and was determined for glucuronate, 
galacturonate, boiled saccharate and boiled mucate, 
all which acted competitively. Table shows 
mean values for K,, and calculated the 
method Lineweaver Burk (1934). Figures for 
were each instance similar with both sub- 
strates suggest that are dealing here with 
single enzyme. 

Competing substrates. previous work (Levvy 
Marsh, 1952) was found that the hydrolysis 
liver preparation 5-2 was inhibited the 
glucuronide, but was unaffected 
was concluded that 
seen from Table can act 
competing substrates for 
uronidase when the experiments are carried out 
lower pH. This would presumably tend favour 
activity (Fig. 4). 


Action limpet and mammalian preparations 
N-acetylglucosaminuronides 


aminuronide was observed after incubation with 
concentrated enzyme preparations from the limpet 
from the female rat preputial gland. With the 
limpet, these experiments exclude hydrolysis not 


Table Dissociation constants for the complexes formed mammalian B-glycuronidase with phenyl 
B-glucuronide and phenyl B-galacturonide and with various competitive inhibitors (K;) 


The enzyme was prepared from female rat preputial gland, and saccharate and mucate solutions were boiled before use 


(see Experimental). 


assay Enzyme 
B-Glucuronidase 1-4 
B-Glucuronidase 0-59 
B-Galacturonidase 


Saccharate Mucate Glucuronate Galacturonate 
1-0 4-0 
0-36 


See footnote Table 
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from B-glucuronide mammalian preparations 


Source enzyme assay 
Female rat preputial 
gland 
Mouse liver 
Mouse liver 


Inhibition 
Competing substrate 


only but also «-glucuronid- 
ase and and 
(Conchie Levvy, 1957). There was again 
hydrolysis the 
when tested with concentrated 
glucosaminidase preparation from rat epididymis 
(Conchie, Findlay Levvy, 1956). 


DISCUSSION 


The first point that emerges from this work that 
both mammalian and limpet also 
hydrolyse f-galacturonides, although once 
more emphasized that this enzyme does not attack 
noteworthy, however, that 
under all comparable conditions the affinity and the 
rate hydrolysis were greater with 
than with this was also true the 
«-glucuronidase and activities 
the limpet preparation, although there may have 
been more than one «-glycuronidase present. 

The postulated specificity glycosidase inhibi- 
tion the aldonolactone corresponding the 
substrate configuration (Conchie 
1957) borne out the present experiments, 
which provide explanation for the previously 
puzzling inhibition boiled 
mucate (galactosaccharolactone) solutions. can 
seen that the inhibition (or 
saccharo-1:4-lactone and 
boiled mucate solution highly specific and 
selective phenomenon far other simple glyco- 
sidases and lactones are concerned. Neither the 
nor the activity 
the limpet was affected either these com- 
pounds. Failure the appropriate lactone 
cause inhibition the «-glycosidase series has been 
noted with «-galactosidase (Conchie Levvy, 
1957) and with (Marsh 
Levvy, 1957), although «-glucosidase and 
mannosidase, well all the 
studied, are powerfully inhibited. 

reagent for the hydrolysis urinary-steroid con- 
jugates. The fact that this enzyme will also hydro- 
lyse raises the question whether 


aglycones released its action may have been 
conjugated with galacturonic acid. those 
urinary glycuronides whose structure 
confirmed synthesis identification the 
uronic acid are, however, glucuronides. The distri- 
bution «-glucuronidase consistent with the 
possibility that this enzyme purely digestive 
one, acting plant material, and that 
from the liver transferase that 
acts uridine acid. 

Smith Mills (1953) found that below 
acid. This has been confirmed for both the 
glucuronidase and activity 
limpet preparation, tested Above 
4-2, deoxyribonucleic acid activates dilute 
preparations highly purified 
(Smith Mills, 1953; Bernfeld al. 1954), but this 
did not apply the preputial-gland preparation 
employed here, the concentration required for 
assay with phenyl substrate. 


SUMMARY 


Preparations from the limpet (Patella vulgata) 
hydrolysed «-glucuronides phenol, p-nitrophenol, 
and borneol, well the «-galact- 
uronides phenol and methanol. 

uronides, the limpet preparation hydrolysed the 
galacturonides phenol, o-nitrophenol and meth- 
anol. 

was powerfully inhibited boiled saccharate 
solution and less boiled mucate 
solution. 

The affinity constants for both these in- 
hibitors were identical matter which type 
substrate was employed, and was concluded that 
single enzyme was involved. 

Hydrolysis «-glucuronides and «-galact- 
uronides was inhibited glucuronic acid and 
lesser extent galacturonic acid, but was un- 
affected saccharate and mucate. 

varying pH, was possible distinguish between 
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and but not between gluc- 
uronidase and galacturonidase activity either 
the 

Heat treatment and the inhibitory effects 
galacturonic acid suggested that there was more 
than one «-glycuronidase present limpet pre- 
parations. 

Mammalian preparations were 
found possess activity; the 
rate hydrolysis, the affinity for the substrate, 
and the optimum were all lower with the latter. 

Mammalian activity was 
inhibited boiled saccharate, boiled mucate, 
glucuronate and galacturonate solutions, that 
order; the affinity constants agreed with those for 
and was concluded that the 
enzymes were identical. 

10. Phenyl and 
N-acetylglucosaminidase. 

The authors are indebted Findlay, the 
Forest Products Research Laboratory, for supplying 
cultures wood-rotting fungi. 
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APPENDIX 


The Synthesis Aryl Glycosiduronic Acids 


Rowett Research Institute, Bucksburn, Aberdeenshire 


(Received September 1957) 


connexion with the study the relationships 
between different glycuronidases the limpet 
(Patella vulgata) and mammalian tissues (Marsh 
Levvy, 1958), was necessary synthesize 
chromogenic 
acids (glucuronides) and galactopyranosiduronic 
acids (galacturonides). For purposes com- 
parison, was considered desirable quantitative 
experiments keep the aglycone constant, and all 
four derivatives phenol were therefore prepared. 
Since, however, phenyl glycosides are unsuitable 
for the screening crude-tissue preparations, 
owing the presence material that interferes 


the determination free phenol, certain nitro- 
phenyl glycuronides were also prepared. 

Catalytic oxidation gaseous oxygen the 
presence platinum catalyst method whereby 
aliphatic and alicyclic hexosides neutral aqueous 
solution are converted into the corresponding 
hexosiduronic acids has been already described 
(Marsh, 1952); attempts oxidize aryl glycosides 
the same procedure were unsuccessful. Sub- 
sequently, however, the syntheses the 
(Tsou Seligman, 1952) and the phenyl (Tsou 
Seligman, 1953) acids 
the same general method were reported: the latter 


| 
7 
uc- 
‘ate 
in- 
hat 
un- 
at 
een 


618 MARSH AND LEVVY 1958 


synthesis was confirmed Bollenback (1956, 
personal communication), but not Heyns 
Kelch (1953). The preparation phenyl 
glucopyranosiduronic acid low yield (18%) 
catalytic oxidation has also been 
(Bollenback, Long, Benjamin Lindquist, 1955). 
appeared that aryl glycosides required more 
catalyst and slightly higher temperature and 
than the aliphatic and alicyclic compounds, and 
have prepared number new hexosid- 
uronic acids this way, including 
umbelliferone acid, de- 
scribed elsewhere (Marsh Levvy, 1956). Freshly 
reduced platinum catalyst was essential, and un- 
like other authors (see above) had success 
with commercial platinum black. These more 
extreme conditions oxidation were found 
unsuitable for the synthesis borneol and 
menthyl acids; prepara- 
tion the former compound the original pro- 
cedure (Marsh, 1952) described below. 

Catalytic oxidation phenyl 2-acetamido-2- 
deoxy-«- and resulted, 
anticipated, the formation the corresponding 
(N-acetylglucosaminuronides). Heyns Paulsen 
(1955) applied the oxidation methyl and benzyl 


2 
100 150 200 250 
Time (min.) 


100 150 200 250 
Time (min.) 

Fig. Liberation phenol 2-acetamido-2-deoxy-p- 
glucuronic acid (@) and 2-amino-2-deoxy-p-glucuronic 
acid (O) during hydrolysis (a) phenyl 2-acetamido-2- 
acid 
100°. 


2-carbobenzoxamido-2-deoxy 


but had success with N-acetylated glucos. 


aminide. Progressive decomposition our 
acetylglucosaminuronides was followed during acid 
hydrolysis (Fig. 1), and the results were similar 
those obtained for the hydrolysis methyl 
(Moggridge Neuberger, 1938; Foster, Horton 
Stacey, 1957). With the «-anomer, there was very 
slow and incomplete hydrolysis the glycoside 
bond, due doubt rapid deacetylation yield 
the resistant 
uronic acid (cf. Heyns Paulsen, 1955). Release 
phenol from the rapidly approached the 
theoretical value, and the initial stages was 
glucuronic acid considerable amounts, the latter, 
however, being unstable the 
(Heyns Paulsen, 1955). Deacetylation must 
therefore follow hydrolysis the bond 
yield relatively labile glucosaminuronide. 


EXPERIMENTAL 


Determinations carbon, hydrogen and nitrogen are 
Minnis, Edinburgh University, and Weiler and 
Strauss, Oxford. The latter also determined acetyl. 
values are corrected. 

General oxidation procedure. The procedure for preparing 
the catalyst and doing the oxidation has been described 
(Marsh, 1952). Fresh catalyst was added hourly, and the 


weight given below refers the total. Evaporations were 


carried out below 50° reduced pressure. 

Phenyl acid. The following 
procedure gave better yield than the one previously 
described (Bollenback al. 1955). solution phenyl 
«-D-glucopyranoside monohydrate water 
(50 ml.) 8-10 with catalyst was oxidized 
90°, with frequent addition soln. (total 
15-5 ml.) maintain the original pH, and the reaction was 
complete The filtered solution was evaporated 


ml. and hot ethanol (100 ml.) was added. The immediate 


precipitate was removed, and the sodium salt phenyl 
cooling. This was dissolved water (18 ml.) and the 
brought with H,SO,. After continuous extraction 
with ethyl acetate for hr., the aqueous layer gave 
feeble Tollens reaction for uronic acid. Concentration 
the ethyl acetate solution gave phenyl 
siduronic acid hemihydrate (1-35 g., 62%), m.p. 
After recrystallization from moist ethyl acetate, the m.p. 
was 149-150°; water (c, 2); there was 
depression the mixed m.p. with authentic specimen, 
m.p. 148-149°. According Bollenback al. (1955) the 
water (c, 1). 

Phenyl acid. The following 
slight modification the procedure Tsou Seligman 
(1953), who used commercial black the catalyst. 
Phenyl dihydrate water 
(25 ml.) together with catalyst g.) was oxidized 90°, 
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The reaction was complete 3hr. After filtration the 
solution was concentrated ml., treated with charcoal, 
filtered and evaporated give gum. Evaporation with 
methanol, followed addition ethanol (50 ml.) yielded 
the insoluble crude sodium salt phenyl 
siduronic acid. This was dissolved water ml.), the 
adjusted with H,SO,, and extracted repeatedly with 
ethyl acetate (total 100 ml.). Evaporation the dried 
ethyl acetate solution yielded gummy solid which was 
recrystallized from moist ethyl acetate, yielding phenyl 
acid dihydrate (0-55 g., 27%), 
m.p. After further recrystallization the m.p. 
was 159-160°, alone and mixed with authentic biosyn- 
thetic specimen, m.p. 160-161°. Tsou Seligman (1953) 
give m.p. and yield 32%. 

p-Nitrophenyl acid. Oxidation 
(25 ml.) and with catalyst (0-6 g.), with adjustment 
8-10 with soln. (9-6 ml.), was complete 
2hr. 90°. Acidification the filtrate with 
caused immediate crystallization p-nitrophenyl 
glucopyranosiduronic acid monohydrate; after recrystalliza- 
tion from 50% (v/v) aqueous ethanol, m.p. 
(0-80 g., 48%), ethanol (c, 
(Found: loss 100°, 5-6. requires H,O, 
5-4. Found, for anhydrous compound: 45-5; 4-0; 
compound was slightly soluble water, moderately 
soluble ethanol, and very soluble alkali with de- 
composition and liberation p-nitrophenol, especially 
the presence protein. slowly reduced Fehling’s 
solution, and did much more rapidly after hydrolysis 
with (15 min. 100°). strong Tollens reaction 
for uronic acid was given. 

galactopyranoside monohydrate g.) dissolved water 
(25 ml.) with catalyst (0-4 g.) was completely oxidized 
90°, the being maintained 8-10 with 
soin. The filtered solution was 
treated with charcoal, filtered and evaporated dryness. 
Ethanol (50 ml.) was added the white solid residue, 
which was filtered off and redissolved water the 
was adjusted 2-3 with HCl and the solution ex- 
tracted with ethyl acetate (total After being 
dried over anhydrous Na,SO,, the ethyl acetate solution 
was evaporated yield phenyl 
acid. This was precipitated from methanolic solution with 
ether (10 vol.) and finally recrystallized from moist ethyl 
acetate; m.p. 192-193° (decomp.), (0-28 g., 28%), 
156° water (c, (no loss weight drying 100°. 
The white crystalline product was soluble water 
and ethanol, and sparingly soluble ethyl acetate. 
gave strong Tollens reaction for uronic acid, and had 
reducing power only after hydrolysis with (15 min. 
100°). 

Phenyl acid. The oxidation 
(20 ml.) with catalyst (0-3 g.) and adjustment 8-10 
with soln. (7-6 ml.) was complete 
90°. The filtered solution was concentrated and phenyl 
acid monohydrate g., 47%) 
precipitated after acidification with HCl. After two re- 
crystallizations from water the product had m.p. 173° 
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(decomp.), methanol (c, (Found: loss 
100°, requires H,O, Found for 
anhydrous product: 52-9; 5-6. requires 
5-2%). This compound was only slightly soluble 
cold water, but quite soluble ethanol. gave strong 
Tollens reaction for uronic acid, and had reducing power 
only after hydrolysis with (15 min. 100°). 

acid. o-Nitro- 
phenyl f-p-galactopyranoside dissolved water 
(20 ml.) with catalyst (total 0-4 g.) was oxidized 90° with 
adjustment 8-10 with soln. (6-2 ml.). 
After further change occurred; the filtered 
solution was concentrated, treated with charcoal and 
evaporated dryness. The crude potassium salt (0-9 g.) 
was well washed the filter with ethanol, then redissolved 
water ml.); (approx. 5%, v/v) was added 
until the was 2-4. equal volume methanol was 
added and the filtered solution was evaporated dryness; 
the residue was extracted with warm methanol (10 ml.) and 
filtered from residual Evaporation the meth- 
anolic solution yielded 
siduronic acid, which crystallized from warm water the 
dihydrate 26%), m.p. 171-172° (decomp.), 
water (c, (Found: loss 100°, 10-5. 
requires H,O, 10-2. Found for anhydrous 
45-7; 4-45 %). The pale-yellow crystalline product 
was very soluble water and ethanol; gave strong 
Tollens reaction for uronic acid and slowly reduced Fehling’s 
solution, much more rapidly after hydrolysis with 
(10 min. 100°). 

Borneol The method was similar 
that used prepare (Fischer 
Bergmann, 1917). mixture borneol (optically 
inactive, g.), bromide 
(10 g.) and redistilled quinoline g.) was heated oil 
bath for hr. with frequent shaking. The melt 
was cooled, and after adding water (50 ml.) extracted with 
ether (total 200 ml.); the ether solution was then washed 
with saturated NaHCO, soln. and finally with 
water. Evaporation the ether yielded yellow gum 
which was steam-distilled remove much the excess 
borneol. The residue was re-extracted with ether yield 
gum containing mixture borneol tetra-O- 
acetyl and which could not 
further purified. This was dissolved ethanol (25 ml.) and 
solution KOH water (15 ml.) added. The 
mixture was heated for hr. 60° with stirring, made 
neutral with HCl and steam-distilled remove more 
borneol. The residual solid was filtered off and recrystal- 
lized thrice from ethyl acetate, yielding borneol 
(c, 1-5) (Found: loss weight drying 100°. Found: 
was moderately soluble hot water, very soluble ethanol. 

Borneol acid. Borneol 
glucopyranoside (0-5 g.) dissolved water (25 ml.) with 
50-55°, (2-3 ml.) being periodically added 
keep the solution neutrality. The filtered solution was 
concentrated about filtered and made acid 
Congo red with yellowish oil separated, which 
rapidly crystallized standing 0°. This was recrystal- 
lized twice from moist acetate ml.) give borneol 
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acid (0-15 g., 27%) the hydr- 
ate, m.p. 149-153° with softening above 130°, +46° 
methanol (c, 1), corresponding for the 
anhydrous compound (Found: loss drying 100°, 6-7. 
requires H,O, 5-2; requires 
7-6. Found anhydrous compound: 58-7; 7-8. 
requires 58-3; This compound gave 
strong Tollens test for uronic acid, and possessed reducing 
properties only after hydrolysis with (15 min. 
100°). Unlike the (Quick, 1927), did not form 
insoluble zine salt. was not hydrolysed 
uronidase. 

acid. The oxidation phenyl 
copyranoside solution water (25 ml.) with 
catalyst (0-2 g.) was complete hr. 90°; the reaction 
mixture was maintained 8-10 with 0-5n-NaHCO, 
(2-6 ml.). The filtered solution was concentrated about 
ml., made definitely alkaline with dil. aq. NH, soln. and 
basic lead acetate added. The precipitated lead salt was 
centrifuged off, washed with aq. 0-01N-NH, soln., and 
decomposed with H,S. Evaporation the filtered solution 
yielded 
monohydrate, which had m.p. (decomp.) 
after two recrystallizations from water 29%), 
valent weight titration with NaOH under 314. 
equivalent weight, 329. Found: loss drying 
120°, 5-25. requires 5-5 %). This com- 
pound possessed only slight reducing power after hydrolysis 
with (20 min. 100°) and did not give normal 
Tollens test for uronic acid. 

acid. solution phenyl 
glucopyranoside (Conchie Levvy, 1957) (0-5 g.) water 
(20 ml.) with catalyst (0-3 g.) was oxidized for hr. 90°, 
with maintenance 8-10 soln. 
(3-1 ml.). The filtered product was then worked for 
the «-anomer. After two recrystallizations from (v/v) 
aq. ethanol pure phenyl 
pyranosiduronic acid monohydrate was obtained, m.p. 183° 
(decomp.) g., 49%), water (c, 1-5) 
(Found: loss drying 100°; 51-8; 5-8; 
4-6; CH,CO, 11-6; equivalent weight titration 343. 
13-1%; equivalent Weight 329. Found: loss drying 
120°, 5-9. requires 5-5%). The pro- 
duct gave negative Tollens test for uronic acid, and 
reduced Fehling’s solution only after acid hydrolysis 
(10 min. 100° with 

Acid hydrolysis phenyl and -B-D- 
glucopyranosiduronic acids. Measured portions ml.) 
solution the aryl glycoside (1-5 mg./ml.) were 
heated the boiling-water bath tubes fitted with water- 
cooled thimbles prevent evaporation. After predeter- 
mined periods time, the tubes were withdrawn, cooled, 
the was adjusted and the solutions were diluted 
ml. Portions ml.) each were then taken for deter- 
mination (a) phenol, (b) 2-acetamido-2-deoxyglucuronic 
acid (c) 2-amino-2-deoxyglucuronic acid. colori- 
metric measurements were made the Spekker model 760 
absorptiometer. Free phenol was estimated with 


Ciocalteu reagent (Kerr, Graham 1948) with 
no. 608 red filter (wavelength peak transmission, 
680 2-acetamido-2-deoxyglucuronic acid was esti- 
mated the method Morgan Elson (1934) with 
Ilford no. 605 filter (wavelength peak 
transmission, 550 my); was necessary assume that this 
compound, not available standard, gave the same 
equivalent colour intensity 
2-Amino-2-deoxyglucuronic acid was estimated the 
reaction, modified Rondle Morgan 
(1955), with no. 604 green filter (wavelength peak 
transmission, 520 authentic sample this 
pound (glucosaminuronic acid dihydrate) was found 
produce the same equivalent colour intensity glucos. 
amine (cf. Heyns Paulsen, 1955). The unhydrolysed 
glycosides gave colour these reactions, nor did 
glucosaminuronic acid give the reaction; 
correction for the probable very slight colour given 
2-acetamido-2-deoxyglucuronic acid the Elson—Morgan 
reaction could not made. 

Liberation phenol from the «-anomer was slow and 
never exceeded 25% theory, even after prolonged 
heating, whereas 80% the total phenol was liberated 
from the after about both cases, 
small amounts 2-acetamido-2-deoxyglucuronic acid 
were detected, but only after short periods hydrolysis. 
2-Amino-2-deoxyglucuronic acid (about 10%) was present 
hydrolysates the «-anomer after heating for hr., and 
approached phenol concentration the early stages 
B-glycoside hydrolysis; after attaining maximum the 
concentration fell markedly both experiments (Fig. 1). 


SUMMARY 


The specific oxidation the primary alcohol 
group glycosides with gaseous oxygen the 
presence platinum catalyst has been extended 
the synthesis aryl glycopyranosiduronic acids, 
and number derivatives glucuronic acid and 
galacturonic acid have been thus prepared, in- 
cluding phenyl and 
glucopyranosiduronic acids. Decomposition the 
latter compounds with acid has been studied. The 
preparation borneol 
acid also described. 


are grateful Professor Heyns for gift 
glucosaminuronic acid dihydrate, and Bollenback 
for specimen phenyl acid 
hemihydrate. 
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Some Aspects the Destruction Lysine under Conditions Acid and 
Enzymic Hydrolysis Protein Materials Containing Carbohydrates 


Medical Research Institute, Colombo Ceylon 


(Received July 1957) 


The injurious effects dry heat the nutritive 
value many proteins has been repeatedly demon- 
strated (e.g. Morgan, 1931; Block, Jones Gers- 
dorff, 1934; Greaves, Morgan Loveen, 1938). 
Greaves al. (1938) reported that heating 130° 
for 8hr. produced only slight decrease the 
digestibility dry casein but considerably reduced 
its nutritive value for rats. They also observed that 
growth the rats could restored supple- 
menting the heated casein with lysine. Block al. 
(1934), using chemical method for lysine assay, 
had previously observed that after acid hydrolysis 
much lysine could isolated from the heat- 
treated casein from the untreated. They postu- 
lated that when protein heated the dry state 
the free carboxyl groups dicarboxylic amino 
acids might react with the groups 
lysine, forming new peptide linkage which 
resistant enzymic digestion, but not acid 
hydrolysis. Eldred Rodney (1946), using the 
decarboxylase technique Gale (1945) for the assay 
lysine, confirmed the observations Block al. 
(1934). contrast with protein-bound lysine, free 
lysine remarkably stable dry heat the 
presence and absence other free amino acids 
(Evans Butts, 1948). 

second, different type destruction protein- 
bound lysine has been observed when proteins are 
heated with carbohydrates (Block al. 1946: 
Clandinin, Cravens, Elvehjem Halpin, 1947; 
Evans Butts, 1948). Patton, Hill Foreman 
6), using microbiological assay for the 
estimation the amino acids, demonstrated that 
carbohydrates are concerned the destruction 
lysine. Patton Hill (1948) postulated that the 


Present address: Agricultural Research Council Unit 
for Microbiology, Department Microbiology, The 
University, Sheffield 10. 


destruction this case was due compound- 
formation between reducing sugars 
amino acid residues possessing free functional 
nitrogen groups, and that the chemical bond 
formed was not split acid hydrolysis. heating 
proteins with carbohydrate, heating carbo- 
hydrates alone for long periods, brown colour 
appears and after long heat treatment chocolate- 
brown precipitate (humin) forms. Mohammad, 
Contrat Olcott (1949), studying the progressive 
disappearance the free amino groups bovine 
serum albumin, concluded that these groups were 
involved the browning reaction. Many workers 
(e.g. Stevens McGinnis, 1947; Patton Hill, 
1948) have demonstrated that lysine can also react 
with carbohydrates. 

The studies mentioned above were all conducted 
the absence acid. The behaviour free and 
bound lysine acid solution also interest since 
amino acid analysis proteins usually involves 
acid hydrolysis. Tristram (1939) studied the effect 
refluxing amino acids with acid the 
presence and absence carbohydrates, and con- 
cluded that arginine was significantly affected, 
whereas lysine was not. interaction between 
amino acids and reducing sugars was claimed 
Maillard (1912), and Roxas (1916) suggested that 
furan compounds were responsible for this Maillard 
reaction. Scallet Gardener (1945) showed that 
aqueous solution glucose became highly coloured 
when heated for several hours 100° owing 
the formation 5-hydroxymethylfurfuraldehyde, 
followed its polymerization form humin sub- 
stances. Wolfrom, Shuetz Cavalieri (1948, 1949) 
and Wolfrom, Cavalieri Cavalieri (1947) also 
suggested that 5-hydroxymethylfurfuraldehyde re- 
acted with the free amino groups amino acids. 
pentoses were substituted for glucose, then the 
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furfuraldehyde formed reacted with the free amino 
groups. Gottschalk Partridge (1950) were the 
first demonstrate qualitatively 
between amino acid and 5-hydroxymethylfur- 
furaldehyde, but quantitative data were 
presented. has been shown that this Maillard 
reaction between amino acids and sugars causes 
the destruction some free amino acids such 
lysine, tryptophan, histidine (Patton al. 
methionine (Evans Butts, threonine and 
phenylalanine (Friedman Kline, 1950); leucine, 
valine and isoleucine are not appreciably affected 
(Patton al. 1948b; Evans Butts, 1949a, 
Friedman Kline, 1950). 

This destruction essential amino acids 
heating the presence carbohydrates im- 
portance not only food processing but also the 
analysis foodstuffs, which are usually hydrolysed 
with acid without prior removal 
carbohydrates. These considerations led in- 
vestigate further the destruction lysine the 
presence carbohydrates and 5-hydroxymethyl- 
furfuraldehyde under acid conditions. 


MATERIALS AND METHODS 


L-Lysine. was used throughout and was ob- 
tained the monohydrochloride from Nutritional Bio- 
chemicals Corporation, New York. 

5-Hydroxymethylfurfuraldehyde (HMF). This 
pared described Haworth Jones (1944). The crude 
product was purified vacuum distillation and collection 
the fraction that distilled 112° and pressure 
0-02 mm. Hg. 

Humin from starch. Rice starch (150 g.) was made into 
thin paste with water and mixed with (400 ml.). 
The suspension was warmed boiling-water bath until 
the starch dissolved completely. After refluxing for hr. 
the dark humin was filtered off under mild suction and 
washed repeatedly until the filtrate was free from 
The residue was dried 105° constant weight, giving 
16-7 chocolate-brown powder. 


Determination lysine 


Hydrolysis and preparation sample for lysine assay. The 
hydrolysis was carried out refluxing with for 
24hr. 105-110°. The hydrolysates were concentrated 
under vacuum desiccator over solid NaOH and 
The dry residues were dissolved water, the adjusted 
1-0 with HCl and the resulting solutions filtered 
necessary and diluted required, after adjustment the 
5-0 with NaOH. 

Estimation. Lysine was estimated the decarboxylase 
method Gale (1945), with acetone-dried powders 
Bacterium cadaveris (N.C.T.C. 6578) source lysine 
decarboxylase. 

Effect concentration sodium chloride the activity 
lysine decarboxylase. There are available data the 
effect NaCl lysine decarboxylase, although Gale 
Epps (1944) showed that inhibited the de- 
carboxylation and mentioned that gave 
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Table Effect concentration sodium chloride 
the activity lysine decarboxylase 


The experimental system contained 1-5 ml. 
solution 1-0 ml. buffer 
(pH 5-0), lysine decarboxylase preparation 
(50 mg./ml.), 0-5 ml. NaCl solution give the indicated 
concentration and water make the total vol. 3-5 ml. 
Gas phase air, temp. 37°. 


Conen. Rate Inhibition 
NaCl liberation CO, NaCl 
(M) min.) (%) 
320 
302 
0-10 278 
0-20 241 25 
0-30 210 
0-40 
0-50 150 


The neutralized hydrolysates usually contain relatively 
large amounts NaCl. The effect this compound the 
activity the lysine decarboxylase was examined. Our 
results (Table indicate that concentrations and 
above significantly inhibit decarboxylation, though even 
the inhibition was only 53%. all determina- 
tions the final concentration NaCl the assay system 
was less than 


Other analytical methods 

Determination 5-hydroxymethylfurfuraldehyde. 
buffer solutions was determined spectrophotometrically 
measuring the absorption 285 with the Beckman 
model spectrophotometer. Measurements were made 
relative blank cell containing only the corresponding 
buffer and the concentration HMF was estimated 
comparison with the absorption standard solution. 

Determination nitrogen. The nitrogen content the 
humin was estimated the method 
Chibnall, Rees Williams (1943); the NH, was distilled 
the apparatus Markham (1942) and trapped the boric 
acid reagent Conway (1942). 

Determination pH. All measurements were made 
Beckman meter. 


RESULTS 
Preliminary experiments showed that heating 
lysine with variety hexoses and pentoses the 
amount lysine destroyed was related the 
amount humin formed. seemed possible that 
humin was responsible for the destruction 
lysine, and order attempt correlate results 
with those obtained the preliminary experiments 
tests were carried out various values. When 
lysine was heated 100° with humin for hr. 
6-8 approximately 50% the lysine was lost 
(Table 2). The loss lysine decreased with the 
and became almost negligible Lysine 
losses the presence carbohydrates are there- 
fore associated with formation humin. The lysine 
which was lost heating with humin 
could not recovered subsequent extraction 
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the precipitate with 0-1N-HCl room temper- 
ature; this suggested that the loss was due 
chemical combination lysine with the humin 
rather than physical adsorption. 


Table Effect heating humin 
with lysine various values 


Lysine monohydrochloride (178 was mixed with 
rice-starch humin and suspended ml. 
water; the was adjusted with HCl required. The 
suspension was heated 100° for hr. and filtered after 
cooling room temp. The residues were washed three 
times with approximately ml. water adjusted the 
appropriate with HCl; the washings were pooled with 
the original filtrate and the was measured. 
change greater than 0-05 was observed any the experi- 
ments. The solutions were concentrated under vacuum and 
lysine was determined. Lysine determinations were 
carried out the untreated solutions and all cases gave 
values 178 


Lysine Loss 
recovered lysine 
(%) 
1-0 175 
2-0 170 
158 
133 
131 


thus seemed probable that the losses 
lysine might minimized filtering off the humin 
acid before neutralizing. test this, 
mixtures lysine and starch and edestin and 
starch were refluxed with 

The losses after filtering 5-0 were 80% 
more (Table both with free and protein-bound 
lysine. both cases these losses could consider- 
ably reduced carrying out the filtration 
1-0, though the losses this were still over 
20%. all experiments the losses observed when 
lysine was heated with starch were much higher 
than those observed with hexoses pentoses. 

Interaction glucose and 5-hydroxymethylfur- 
with free and protein-bound lysine under 
various conditions. The two preceding experiments 
were concerned mainly with the interaction 
lysine with simple complex carbohydrates. The 
interaction between protein-bound lysine and 
simple carbohydrate was next studied. Four 
different types experiments were conducted 
with fibrin source protein-bound lysine and 
glucose the carbohydrate (Table 4). The 
recovery lysine after heating fibrin with 
for hr. was determined (Expt. and taken 
measure its lysine content. Addition glucose 
during the last 24hr. the treatment (under 


Table removing humin 1-0 and 5-0 and lysine recovery 


Lysine (178 edestin g.) was mixed with starch and refluxed for hr. with ml. The 


hydrolysates were dried and the residues dissolved ml. water; the humins were filtered off 1-0 5-0. 
The residues were washed three times with 5-0 ml. water adjusted the appropriate pH; the washings were pooled 
with the original filtrate and concentrated again. The dry residue was dissolved ml. water and lysine estimated. 
The value with edestin was taken true measure lysine content the edestin calculating the loss. 


Humin filtered off 5-0 Humin filtered off 1-0 
A 


Lysine recovered Lysine loss Lysine recovered loss 
Lysine HCl 176 176 


Table Interaction glucose with protein-bound lysine under various conditions 


The experimental systems initially contained the components given column (1); after hr. hydrolysis treatment, 
the components column (2) were added and the hydrolysis treatment continued for further hr. The final vol. and 
conen. acid were the same the end each experiment. calculating the loss lysine, the value for lysine obtained 
Expt. was taken true measure lysine content. 


Total 
Components added Lysine Lysine humin Total 
Expt. Components present Ist stage the second loss produced humin 
no. hr.) hr.) (mg.) (mg.) 
Fibrin (300 mg.) (15 ml.) 180 0-33 
Fibrin (300 mg.) (15 ml.) Glucose (1-5 g.) 177 226 1-98 
Fibrin (300 mg.) glucose (1-5 g.) 152 347 
(15 ml.) 
Fibrin (300 mg.) glucose (1-5 g.) ml.) 121 


ml.) 


ffer 
Aon 
ted 
ml. 
) 
| 


624 


which conditions complete hydrolysis the fibrin 
would have occurred, thus giving rise free 
lysine (Expt. caused only slight loss lysine; 
somewhat higher loss (15%) was observed when 
glucose was present from the beginning (Expt. 3). 
The results therefore indicate that glucose does not 
react any great extent with free lysine but does 
react with protein-bound lysine. When aqueous 
solution containing glucose and fibrin was refluxed 
neutral pH, under which conditions little, any, 
hydrolysis the protein occurred and then sub- 
sequently hydrolysed with HCl the usual way, 
the loss lysine was (Expt. Table 4). These 
results would therefore indicate that protein-bound 
lysine reacts very readily with glucose least 
neutral pH. The amount humin formed and 
also its nitrogen content were measured each 
case. The amounts humin formed bore 
obvious relationship the loss lysine, but the 
amount nitrogen appearing the humin in- 
creased with the loss lysine. This would suggest 
that the loss lysine associated with the in- 
corporation lysine nitrogen into the humin. 

Scallet Gardener (1945) suggested that when 
glucose heated for long time 100° con- 
verted into 5-hydroxymethylfurfuraldehyde which 
turn polymerizes form humin-like substances. 
The reaction free and protein-bound lysine with 
the aldehyde was therefore investigated. 

When the interaction with protein-bound lysine 
was examined, the results (Table were similar 
those obtained with fibrin and glucose, i.e. the loss 
lysine was much greater neutral than 
acid (cf. Expts. and 3), Table losses 
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lysine were observed acid when free 
lysine and 5-hydroxymethylfurfuraldehyde were 
subjected the same treatment (Expt. 1). 

Effect incubating 5-hydroxymethylfurfuralde- 
hyde with free lysine 37° various 
Gottschalk Partridge (1950) found that 
hydroxymethylfurfuraldehyde reacts with lysine 
8-0 and 37°. This led investigate the 
effect incubating free and bound lysine with the 
aldehyde this lower temperature. When fibrin 
and 5-hydroxymethylfurfuraldehyde 
bated 37° for 132 hr. and subsequently hydro- 
lysed, the lysine was lost (Expt. Table 5). 
When excess the aldehyde was removed 
centrifuging and repeated washing before hydro- 
lysis treatment, the loss was much smaller 
though still substantial (Expt. 5). 

this lower temperature and neutral 
some interaction between free lysine and 5-hydr- 
oxymethylfurfuraldehyde was observed (Expt. 
and when solid lysine hydrochloride was allowed 
react with the aldehyde the losses were larger, 
amounting 34%. The high loss with lysine 
hydrochloride might have been due the more 
acid and the effect upon the interaction 
the aldehyde with lysine was therefore examined. 

The results are given Table they indicate 
that, starting from acid pH, the destruction 
lysine 5-hydroxymethylfurfuraldehyde de- 
creases with increasing pH, reaches minimum 
between 4-0 and 5-0 and then increases with 
increasing pH. was suspected that the lower 
loss lysine over this middle range might due 
the destruction the aldehyde. The behaviour 


Table Interaction 5-hydroxymethylfurfuraldehyde with free and protein-bound lysine 
under various conditions 


The experimental system contained 300 mg. HMF and 300 mg. fibrin lysine. Expt. after pre- 
treatment the excess HMF was removed centrifuging and repeated washing (three times with approximately 
ml. water). Expt. solid lysine hydrochloride was mixed with HMF (liquid) and incubated. The components given 
column (1) were mixed and pretreated before hydrolysis given column (2). After pretreatment the products 
Expts. and were hydrolysed for further period hr.; each the products Expts. and ml. 
was added, and the products Expt. ml. was added and hydrolysis treatment was carried out for 
calculating the losses lysine, the value for lysine content fibrin was taken from Expt. Table 


Lysine Loss 
Expt. Pretreatment before Hydrolysis treatment recovered 
no. System acid hydrolysis for hr. (umoles) (%) 
Lysine HMF Refluxed for hr. Hydrolysis continued 
(25 ml.) 
Fibrin HMF (10 ml.) for hr. With (15 ml.) 
Fibrin HMF Refluxed for hr. Hydrolysis continued 130 
(25 ml.) 
(10 37° for 132 hr. With (15 ml.) 
(10 ml.) 37° but excess With (25 ml.) 118 
HMF removed 
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time over the range was therefore furfuraldehyde for different times various 
studied. 
de- Effect incubating 5-hydroxymethylfurfuralde- 
hyde alone 37° various values. The results HMF ml.) was dissolved water 1-0 ml. 
(Table indicate that 5-hydroxymethylfurfur- solution was mixed with the appropriate 
was found that the disappearance the alde- buffers were determined (column 2). For buffer 
hyde was associated with the appearance (pH 1-0). was used, and for the other 
material absorbing light 252 my. The formation buffers (pH 2-2-8-0) mixtures acid 
this material reached maximum the and different proportions were used. 
was optimum for destruction Phthalate buffer solutions could not used here they 
furfuraldehyde. When this material absorbing light absorb light 285 
furfuraldehyde with free lysine various 2-2 3-90 4-08 4-08 
The various buffer solutions were made follows: for 4-0 4-00 4-16 4-60 
acetic acetate; 6-0-8-0, 6-6 4-00 0-43 0-20 
Na,HPO, 0-067 The experimental system 4-00 4-16 4-16 
contained 1-0 ml. lysine m-mole/ml.), 1-0 ml. HMF 3-95 4-07 4-07 
m-mole/ml.), mg. NaF and 8-0 ml. the appro- 8-0 3-90 4-05 4-05 
priate buffer solution. The mixtures were incubated 37° 
vith for 132 hr., after which time the values were checked 
wer and lysine was estimated. The losses were calculated from hyde not reformed subsequent incubation 
due the values obtained analysis the mixture zero time indicating that the transformation was not 
iour (column 2). reversible. 
Lysine recovered Toa 
DISCUSSION 
Roxas (1916) suggested that the interaction 
incubation incubation carbohydrates with proteins involved 
1-00 0-64 liminary formation 5-hydroxymethylfurfuralde- 
1-4 0-99 hyde from the carbohydrate and its subsequent 
ately 0-99 0-82 reaction with free amino groups (reactions and 2). 
0-97 reaction (1) occurs under both acid and neutral 
for 0-99 0-97 conditions temperatures 100° and above. 
0-95 far reaction (2) concerned, Gottschalk 
7-0 0-88 37° reacts with 
8-0 0-99 free amino acids, but this was the only information 
CH—CH CH—CH CH,R 
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available. the present studies the destruction 
lysine 5-hydroxymethylfurfuraldehyde in- 
cubating 37° has been examined over range 
and has been observed that the destruc- 
tion lysine minimum over the range 
This precisely the range over which 
5-hydroxymethylfurfuraldehyde 
suggesting that the destruction free lysine 
requires its participation. 

known that under acid conditions 5-hydroxy- 
methylfurfuraldehyde rapidly converted into 
and formic acids (Karrer, 1938). 
loss lysine occurred when was refluxed with 
containing 5-hydroxymethylfurfuralde- 
hyde. This indicates that interaction between 
the aldehyde and free lysine unlikely occur 
during the acid hydrolysis foodstuffs. Although 
loss free lysine occurred when was refluxed 
under these conditions, considerable loss 
lysine was observed when proteins were hydrolysed 
under the same conditions. These results are com- 
patible with the idea that reaction (2) can occur 
with protein-bound lysine and that reactions (1) 
and (2) can account for the losses lysine ob- 
served. apparent that, even after acid hydro- 
lysis, the loss lysine quite appreciable (15% 
when carbohydrate present; consequently 
results obtained after acid hydrolysis under these 
conditions must interpreted with caution. The 
results with fibrin and 
hyde alone 37° indicate that even under condi- 
tions such might used for enzymic hydrolysis 
the losses are still appreciable. 

The loss lysine seems associated with the 
humin formed during this treatment, was 
observed that the loss lysine increased with the 
amount nitrogen appearing the humin. The 
destruction lysine can also occur interaction 
the amino acid with the humin; for example, 
when free lysine was mixed with humin and boiled 
100° considerable loss was observed. This can 
minimized considerably the humin filtered 
off 1-0 rather than 5-0. 


SUMMARY 


Lysine was destroyed when heated with 
starch, the loss being related the amount 
humin produced. 

The loss lysine heating with humin 
increased with increasing pH. Maximum loss 


6-8 and negligible loss 1-0. 
After acid hydrolysis removal humin 
1-0 instead 5-0 reduced the loss lysine 
considerably. 
Free and protein-bound lysine were destroyed 
heating with glucose 5-hydroxymethylfur- 
furaldehyde. 


Protein-bound lysine reacted more 
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readily with glucose and 
furaldehyde neutral than acid pH. 

Free and protein-bound lysine reacted with 
5-hydroxymethylfurfuraldehyde 37° and more 
readily neutral than anacid pH. 
methylfurfuraldehyde was found unstable 
37° over the range 

The possible pathway which lysine reacts 
with glucose discussed. 


Thanks are expressed Wickremasinghe for 
Peel for their advice the preparation this paper. The 
strain used was the gift 


Fry. 
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The Occurrence 6-Methylaminopurine Deoxyribonucleic Acids 


Agricultural Research Council Virus Research Unit, Molteno Institute, University Cambridge 


(Received August 1957) 


While investigating the effects structural 
analogues thymine thymine-requiring 
strain Escherichia coli noticed the 
presence the bacterial deoxyribonucleic acid 
new base which have identified 6-methyl- 
aminopurine. Although 6-methylaminopurine 
usually present small amounts (2% the 
adenine) the deoxyribonucleic acid 
its relative proportion increases considerably 
during growth the bacteria thymine-deficient 
conditions, obtained either maintaining the 
thymine concentration the medium low 
level, the addition thymine antagonists 
such 5-aminouracil 2-thiothymine. Examina- 
tion number deoxyribonucleic acids has 
shown that 6-methylaminopurine also occurs 
small proportions constituent deoxyribo- 
nucleic acid from several bacteria and bacterial 
viruses. This paper describes the identification 
6-methylaminopurine, its deoxyribonucleoside and 
deoxyribonucleotide from deoxyribonucleic acid 
coli and the occurrence the base 
other deoxyribonucleic acids. Brief accounts 
this work have appeared previously (Dunn 
Smith, 1955a, b). 


MATERIALS 


5-Aminouracil was obtained gift from Imperial 
Chemical Industries Ltd. and 2-thiothymine from Genato- 
san Products. 5-Methylaminouracil was prepared accord- 
ing Johnson Matsuo (1919) and 5-dimethylaminouracil 
according Wheeler Jamieson (1904). 6-Methylamino- 
purine, 6-methylpurine, and 8-methylpurine were obtained 
Brown and 6-dimethylaminopurine from the American 
Cyanamid Co. 

5-Amino-4-methyluracil. This was prepared from 
methyluracil (L. Light and Co.) according Behrend 
(1885). The product gave single ultraviolet-absorbing 
spot solvents 1-5. 

5-Amino-1-methyluracil. 1-Methyluracil was prepared 
essentially the method which has since been described 
Brown, Hoerger Mason (1955a). was crystallized 
from acetone and its spectrum was identical with that 
(Shugar Fox, 1952). The 1-methyluracil 
was converted into the 5-bromo derivative treatment 
with Br, CS, (Wheeler Merriam, 1903), and this was 
crystallized from water. was con- 
verted into 5-amino-1-methyluracil heating with excess 


Johnson, 1904). This was not crystallized, but paper chro- 
matography showed that there was only one major ultra- 
violet-absorbing product. Spectral data were obtained 
from chromatographically purified samples. 

4-Amino-5-methyluracil. This was prepared method 
essentially the same that described Bergmann 
Johnson (1933), but the intermediate 
urea was not isolated. Instead, the conditions used 
Conrad (1905) for preparing 4-aminouracil were applied. 
4-Amino-5-methyluracil separated out the red sodium 
salt. After washing this with ethanol the free base was 
released the addition HCl and was crystallized from 
water the product contained small propor- 
tion 4-aminouracil the spectral data were obtained from 
material further purified paper chromatography. 

Commercial trypsin was purified the method pre- 
viously described Smith, 1957). Deoxyribonu- 
clease was purified according Kunitz (1950). 
adamanteus venom diesterase was prepared described 
Sinsheimer Koerner (1952). 


METHODS 


Growth bacteria and bacteriophages 


The general conditions bacterial growth have been 
described previously (Dunn Smith, 1957). 

Escherichia coli strains B/r and were grown 
0-56 mg.; glucose, adjusted with NaOH 

For the preparation coli grown the 
presence 5-aminouracil, the bacteria were grown 
cell density 1-4 and 5-aminouracil was added 
maximum cell density (about was reached, 
usually after 18-24hr. Cultures were also grown the 
higher bacterial density. 

the growth bacteria inhibited 2-thiothymine 
this was added bacterial cell density 1-5 

Only one satisfactory preparation deoxyribonucleic 
acid (DNA) has far been made from bacteria grown 
limiting amounts thymine. The medium contained 
and the bacteria were harvested 
soon after growth ceased. other cultures, where incu- 
bation the bacteria was continued for several hours after 
growths had ceased, the yields DNA were exceptionally 
low. The optimum conditions for this type growth have 
not yet been determined. 
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For normal growth the bacteria were originally grown 
medium containing thymine/ml. for hr. 
However, the DNA from these cells was found contain 
small amounts 6-methylaminopurine, seemed possible 
that this could result from thymine deficiency that the 
6-methylaminopurine might present only the late 
stages growth. Cultures coli were therefore 
grown the presence thymine/ml. and 
harvested the logarithmic growth phase. These were 
used for the analyses normal coli DNA. 

Aerobacter aerogenes was cultivated 30° medium 
consisting of: glucose, g.; peptone, g.; g.; 
tap water, 100 ml.; distilled water, 900 ml.; and adjusted 
with NaOH. 

Staphylococcus aureus (Copenhagen strain) was obtained 
from Strominger and grown 37° the following 
medium: yeast extract (Difco), 5g.; peptone (Oxo Ltd. 
bacterial), K,HPO,, distilled water 11.; and 
adjusted with NaOH (J. Strominger, unpub- 
lished work). 

Staphylococcus albus was grown 37° nutrient agar 
Roux flasks. 

Streptomyces griseus (strain C20) was obtained from 
Glaxo Laboratories Ltd. and grown the following 
medium: sodium lactate, casein hydrolysate 
0-28 g.; KH,PO,, 0-23 g.; g.; 
1-23 g.; ZnSO,,7H,O, FeSO,,7H,O, 13-9 mg.; 
distilled water 11. After 
sterilization the autoclave the medium was adjusted 
7-3 with NaOH and sterile glucose solution added 
give (w/v) glucose. 

Spores were removed from nutrient-agar slopes with 
platinum loop and suspended Ringer’s solution diluted 
water (1:3, v/v). Shaking with glass beads aided the 
formation smooth suspensions. The spore suspensions 
retained their viability for least months 5°. The 
medium (50 ml.) was inoculated with ml. suspension 
containing viable spores and incubated the 
rotary shaker 28° for hr. These cultures were used 
inoculate batches medium, which were 
similarly shaken for hr. 

Bacillus cereus (strain was grown described 
Smith Matthews (1957). 

Mycobacterium tuberculosis (bovine strain) was supplied 
dried cells the Wellcome Research Laboratories. 

bacteriophage was prepared from lysates coli 
B/r medium the method Herriott Barlow 
(1952). 

Salmonella bacteriophage (Lwoff, Kaplan Ritz, 
1954) was prepared from lysates Salmonella typhimurium 
grown aerobically 37° medium Phage particles/ 
ml.) was added bacterial density cells/ml. and 
incubation continued for hr. The phage was purified 
differential centrifuging and treated with deoxyribo- 
nuclease and ribonuclease remove any adhering host 
nucleic 

Streptomyces bacteriophage, which lyses griseus 
20, was obtained from Glaxo Laboratories Ltd. The 
lactate medium used for the host failed support multi- 
plication the phage. Like other phages which lyse 
griseus (Perlman, Langlykke Rothberg, 1951) appears 
require calcium for its multiplication, and lactate 
probably prevents phage multiplication chelation with 
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For phage growth the medium was 
modified the replacement lactate and 
the addition mm-CaCl,. this medium did not always 
give satisfactory mycelium growth from spores culture 
Streptomyces grown the lactate medium was used 
inoculum the proportion part 50. When the 
mycelium density reached about 0-5 mg./ml., phage was 
added give phage particles/ml., and aeration con- 
tinued 28° for hr. The culture was then kept 


for and the phage purified differential centri- 


fuging and treatment with 


Isolation deoxyribonucleic acids 


Animal and plant tissues. Calf-thymus and horse-spleen 
DNA were prepared according Mirsky Pollister 
DNA was isolated from baker’s yeast the method 
Chargaff Zamenhof (1948) and from wheat germ 
ing Wyatt (1951). Salmon-sperm DNA was obtained 
from the California Foundation for Biochemical 

coli, Aerobacter aerogenes and Mycobacterium 
tuberculosis. DNA was prepared from these bacteria 
the method Smith Wyatt (1951). This method involves 
extraction with N-KOH and gives product completely 
free ribonucleic acid (RNA) but considerably depoly- 
merized. Polymerized DNA was prepared from coli 
and coli according Gandelman, Zamenhof 
Chargaff (1952). DNA was also prepared from coli and 
Aerobacter aerogenes modification the trypsin 
method Dunn Smith (1957). Products obtained 
this method contain 90% more the DNA from the 
bacteria. The bacteria were washed and defatted the 
method Smith Wyatt (1951). They were then heated 
100° for min. before the RNA was hydrolysed with 
ethanol were then added. The precipitate was 
collected centrifuging and was washed with 60% 
ethanol before incubation with 0-1 M-sodium citrate, 
containing purified trypsin for hr. 30°. The mixture 
was centrifuged and the residue extracted with 0-1 
the extract being added the citrate solution. The DNA 
was precipitated from this bringing with acetic 
ethanol. The precipitate was collected centrifuging, 
washed with 60% (v/v) ethanol, ethanol and acetone and 
dried air. 

cereus. The above methods yielded only small 
amounts DNA from cereus; other procedures, in- 
cluding incubation with 37°, with 
sodium choleate 50°, also failed extract DNA 
appreciable amounts. before incubation with the 
the bacterial residues were ground with 
powder, substantial amounts DNA were extracted from 
this organism the trypsin procedure described above. 

Staphylococcus. DNA was extracted from defatted cell 
with and precipitated this 
precipitate was insoluble solution was 
possible deproteinize the material the 
octanol method Sevag, Lackman Smolens (1938). 
Incubation with trypsin also failed remove significant 
amounts protein increase its solubility. The material 
was consequently used for analysis 
purification. 

Streptomyces griseus. Only very small amounts the 
DNA present griseus were removed 
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with even after the cells were disinte- 
grated grinding with glass powder. Trypsin digestion 
also failed remove appreciable proportion the 
cell DNA. The residues from these extractions and 
the small amounts DNA extracted were analysed 
separately. 

deoxyribonucleic acid. This was obtained 
from Harriett Ephrussi-Taylor. Any traces RNA 
the preparation were removed treatment with 
and subsequent reprecipitation the nucleic 

Bacteriophages. DNA was isolated the method 
Mayers Spizizen (1954). the analysis Salmonella 
and Streptomyces bacteriophage nucleic acids the intact 
viruses were hydrolysed. 


Analysis nucleic acids 


Hydrolysis purines and pyrimidines. DNA was hydro- 
lysed 72% (w/w) aq. soln. for 100° 
(Marshak Vogel, 1950) 98% (v/v) aq. formic acid 
soln. 175° for min. (Wyatt Cohen, 1953). 

Liberation purines from deoxyribonucleic acid. DNA 
was heated stoppered tube 55° for min. with 
approximately four times its weight This 
released the purines quantitatively, leaving 
midines polynucleotides. Insoluble material 
moved centrifuging and the supernatant containing the 
purines concentrated stream air 50° and applied 
paper chromatograms 

Hydrolysis nucleosides. aqueous solution containing 
20mg. DNA/ml. and was adjusted 
7-4 and deoxyribonuclease added give The 
solution was incubated 37° for hr. and the main- 
tained 7-4 the periodic addition dilute aq. NH, 
After the addition glycine buffer, 9-6, give 
0-02 and 100 Crotalus adamanteus 
ml. incubation was continued for 5hr. with periodic 
adjustment the 9-9-6. 

Hydrolysis nucleotides. the above procedure 
Crotalus adamanteus venom phosphodiesterase, free 
nucleotidase activity (Sinsheimer Koerner, 1952), was 
substituted for the venom. 

Paper chromatography. The following solvent systems 
vol.) (Wyatt, 1951); propan-2-ol-water (7:3, v/v), with 
NH, the vapour phase (Markham Smith, 
butanol-water-98 (v/v) aq. formic acid soln. (77:13: 
water (43:7, v/v), with NH, the vapour phase (Mark- 
ham Smith, 1949); saturated 
(40:9:1, vol.) (Markham Smith, 

Purines, pyrimidines and their derivatives were esti- 
mated previously described (Dunn Smith, 1957). The 
molar-extinction coefficient 6-methylaminopurine was 
slightly higher than the value 15-1 given Mason 
(1954) and that 14-9 reported Elion, Burgi 
Hitchings (1952). mean value was used 
calculating our results. 

Paper electrophoresis. This was carried out according 
Markham Smith 

Phosphorus. The estimation was according Allen 
(1940). 
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RESULTS 


Isolation the new substance from the 
deoxyribonucleic acid Escherichia coli 


5-Aminouracil and 2-thiothymine, which may 
considered structural analogues thymine, both 
inhibit growth coli Although neither 
these substances was found incorporated 
into the bacterial DNA, examination paper 
chromatography perchloric formic acid 
hydrolysates the DNA showed, addition 
the four normal bases, fifth ultraviolet-absorbing 
substance (X). This substance was also found 
hydrolysates DNA from bacteria grown under 
conditions thymine deficiency and much 
smaller but constant amounts DNA from 
control bacteria grown medium containing 
inhibitor. was present DNA isolated any 
the three methods described. 

moves the same position cytosine 
solvent and was first observed two-dimen- 
sional chromatograms run solvents and 
substance separating from cytosine, with 
smaller value solvent This method 
separation was inconvenient for its isolation because 
the high salt content the latter solvent. 
However, has value solvent slightly 
greater than that thymine (Table and thus 
easily separated from cytosine. Consequently for 
the isolation used two-dimensional paper 
chromatography solvents and 


Comparison substance with 
6-methylaminopurine 


first the fact that accumulated the DNA 
coli under conditions thymine 
deficiency led believe that was pyrimidine, 
possibly precursor thymine, and compared 
its properties with number pyrimidine deri- 
vatives. However, was found quanti- 
tatively liberated from DNA hydrolysis with 
for min. 55°, property characteristic 
the purines. general the pyrimidine deoxy- 
ribonucleotide linkage stable acid under these 
conditions with perhaps the exception some 
pyrimidine deoxyribosides substituted the 
position, possibility which seemed unlikely from 
comparison with pyrimidines this type. 
also possesses other characteristics purines 
and comparison with number purine 
derivatives its properties were found identical 
with those 6-methylaminopurine. 

Formation copper and silver salts. The forma- 
tion insoluble cuprous salt was demon- 
strated paper chromatograms the method 
Dalby Holdsworth (1956). suggested 
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Table 


Substance 
0-53 
Purines* 
6-Methylaminopurine 0-53 
2-Methyladenine 
6-Methylpurine 0-54 
Methylpurine 0-56 
Pyrimidines* 
5-Aminouracil 0-27 
5-Methylaminouracil 0-44 
5-Dimethylaminouracil 0-52 
0-53 
5-Amino-4-methyluracil 0-82 
4-Amino-5-methyluracil 0-57 
DNA bases 
Guanine 0-30 
Adenine 0-41 
Cytosine 0-53 
Thymine 0-78 


Derivatives 
nitroso compound 
6-Methylaminopurine nitroso compound 
deoxyriboside 
Thymidine 
Deoxyadenosine 
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values the purines and pyrimidines with which was compared and some derivatives 


solvent 


0-36 0-54 0-18 
0-18 
0-50 
0-40 0-40 
0-76 0-38 0-40 
0-45 0-16 0-56 
0-61 0-43 
0-71 0-50 
0-70 — 0-50 
0-68 0-37 0-33 0-50 
0-45 
0-43 0-10 0-08 
0-60 0-21 0-32 0-19 
0-61 0-14 0-21 0-61 
0-70 0-42 0-42 

0-68 

0-68 0-49 
0-80 0-34 0-55 
0-75 0-38 0-38 0-39 
0-64 0-21 0-33 


Nomenclature purines and pyrimidines that used Bendich (1955). 


Table Electrophoretic mobilities 
and its nucleoside and nucleotide 


Mobility towards the cathode 
em./hr. 


Deoxyribonucleotide 
6-Methylaminopurine +10-4 
Adenine 


Adenosine 3’-phosphate 


Lester Smith (personal communication) the 
washing time was extended hr. With chromato- 
grams which had been run alkaline solvents 
was found necessary add few drops acetic 
acid the copper acetate solution. This prevented 
the formation copper hydroxide which other- 
wise obscured the result. resembled adenine 
and 6-methylaminopurine giving brown spot 
the paper. Purines but not pyrimidines react 
this way. The silver reaction for purines described 
Reguera Asimov (1950) was found give 
good positive reaction with adenine, but guanine 
and 6-methylaminopurine, especially when present 
small amounts, gave spots lighter than the back- 
ground. pyrimidines gave effect all with 
this method, lighter area formed was taken 
indication that was purine. 


Conversion into glycine. hydrolysis with 
strong HCl, the purine ring known break 
down, giving glycine, carbon dioxide, carbon 
monoxide and ammonia (Strecker, 1868). 
heating 6-methylaminopurine and adenine 
120° for hr., they were all converted 
into substances which did not absorb ultraviolet 
light. The products chromatographed solvents 
1-3 were found contain ninhydrin-reacting 
compound corresponding glycine each the 
solvents. solvents and the products from 
and 6-methylaminopurine but not that from 
adenine were found contain second ninhydrin- 
reacting compound, the nature which has not 
been investigated. 

Paper chromatography and electrophoresis. The 
high value relative adenine solvents 


suggested that carried alkyl group, and 


its electrophoretic mobilities 2-5 and 
showed the presence basic dissociation. Com- 
parison the values electrophoretic 
mobilities and number purines pyrim- 
idines showed that all systems the positions 
(Tables and 2). 

Ultraviolet-absorption spectra. 
267 and minimum 232 mp. the 
maximum and minimum are shifted 273 and 
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239 respectively. These spectra are the same 
those 6-methylaminopurine (Fig. and distinct 
from those other purines 
examined (Table 3). From the change spectrum 
over the range 0-14 possible, the 
determine the number dissociating groups and 
their approximate values. Such measurements 


220 240 260 280 300 
Wavelength 


Fig. Ultraviolet-absorption spectra synthetic 
Points are for two samples from coli DNA: 
are for solutions the same concentration. The 
spectra are plotied give the same value 265 


Table Spectral characteristics and 
compounds with which was compared 


Wavelength (my) 


Maximum Minimum 
267 273 233 239 
Purines 


6-Methylaminopurine 267 273 232 239 


6-Ethylaminopurine* 270 273 
6-Dimethylaminopurine 277 281 236 245 
2-Methyladenine 266 271 229 238 
6-Methylpurine 264 271 232 236 
8-Methylpurine 264 273 231 236 
Pyrimidines 
5-Aminouracil 260 290 228 259 
5-Methylaminouracil 262 282 230 256 
5-Dimethylaminouracil 290 228 264 
262 292 230 258 
4-Amino-5-methyluracil 273 273 243 246 


Data from Elion al. (1952). 
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showed that carried two dissociating groups with 
values approx. 3-6 and 10-3 respectively. 
The relative rates migration paper 
electrophoresis 2-5 and 3-5 showed the value 
the basic dissociation about These 
values are similar those determined for 
6-methylaminopurine (4-18 and 9-99; Mason, 1954). 
Treatment with nitrous acid. treatment with 
nitrous acid most purines and pyrimidines bearing 
primary amino groups are deaminated whereas 
those carrying secondary amino groups may 
expected yield characteristic derivatives. Dry 
samples and 6-methylaminopurine were each 
incubated room temperature for hr. with one 
drop acetic acid and one drop saturated 
aqueous sodium nitrite solution (conditions found 
satisfactory our Laboratory for the deamination 
cytosine adenine). The products were separ- 
ated paper chromatograms solvent and 
6-methylaminopurine each yielded single ultra- 
violet-absorbing derivative. These had the same 
value (Table 1), which was greater than that 
6-methylaminopurine. The ultraviolet-absorption 
spectra and the isolated derivatives 
from and 6-methylaminopurine were similar 
(Fig. 2). presume the substance the 
nitroso derivative 6-methylaminopurine. 
6-Methylaminopurine Asub- 
stance with the expected properties 6-methyl- 
aminopurine deoxyriboside was isolated from 
enzymic hydrolysates DNA from coli 


240 260 280 300 
Wavelength (my) 

Fig. Ultraviolet-absorption spectra the assumed 
nitroso derivative 6-methylaminopurine (—), 
Spectra and are for solutions the same 
concentration. The spectra are plotted give the same 


958 
\ 
\ 
\ / 8 
\ / 
\ 
ted 
E ‘ /o 
\ 
not 
nts 
tic 
m- 
cal 
at 
} 


632 DUNN AND SMITH 1958 


grown the presence either 5-aminouracil 
2-thiothymine. This substance, which has the 
values given Table could separated two- 
dimensional chromatography solvent and 


solvent Its separation was best achieved, 
however, combination paper chromato- 
graphy and electrophoresis. The hydrolysate was 
applied band across sheet Whatman no. 
paper and the chromatogram run solvent 
deoxyriboside moves 
slightly ahead thymidine, which turn has 
higher value than the other nucleosides. The 
band containing 6-methylaminopurine deoxyribo- 
side and thymidine was eluted water and 
where thymidine, having charge, remains 
stationary and 6-methylaminopurine deoxyribo- 
side migrates towards the cathode. The electro- 
mobility the nucleoside was less than 
that 6-methylaminopurine (Table 2). Its ultra- 
violet-absorption spectrum (Fig. was similar 
that sample 6-methylaminopurine riboside 
prepared enzymically this 
Littlefield, and differed from that 
6-methylaminopurine not showing shift 
maximum towards the longer wavelengths 
yielded substance identical with 6-methylamino- 
purine its ultraviolet-absorption spectrum and 
chromatographic properties. 

6-Methylaminopurine 
gestion the DNA successively with pancreatic 
deoxyribonuclease and 
diesterase yielded substance with the expected 
properties 6-methylaminopurine 
nucleotide. This separated from the other deoxy- 
ribonucleotides chromatography solvent 
where moved ahead thymidylic acid. (Separa- 
tion was not complete until the acid 
had moved 20cm.) was further purified 
paper electrophoresis 3-5 (Table 2). The 
ultraviolet-absorption spectra the nucleotide 
and were similar those nucleoside 
yielded 6-methylaminopurine and 
determination gave molar ratioof 6-methyl- 
aminopurine/P 1-2. 


Purine and pyrimidine composition 
Escherichia coli deoxyribonucleic acid 

The content 6-methylaminopurine 
thymine/ml. constant and about the 
total bases (molar ratio). Within experimental 
error the proportions adenine and thymine are 
equal, are those cytosine and guanine. DNA 
from 5-aminouracil-inhibited, 2-thiothymine-in- 
hibited thymine-deficient bacteria contained 


much increased proportion 
purine, ranging more the total 
smaller increase was also found the DNA 
uracil (Dunn Smith, 1957). The purine and 
pyrimidine compositions DNA from 5-amino- 
uracil-inhibited and thymine-deficient bacteria 
(Table show decrease the relative proportion 
thymine, which not generally quantitatively 
related the increase 6-methylaminopurine. 
The proportion adenine these nucleic acids 
also slightly decreased. 

The increase 6-methylaminopurine during 
growth with low thymine concentrations occurs only 


220 240 260 280 300 


Wavelength (my) 


Fig. Ultraviolet-absorption spectra 6-methylamino- 
purine deoxyriboside isolated from coli DNA: 
Amax, 266 Mp, 232 and synthetic 6-methyl- 
aminopurine riboside plotted give the 


260 280 300 
Wavelength (mz) 


Fig. Ultraviolet-absorption spectra 6-methylamino- 
purine deoxyribonucleotide isolated from coli 
266 
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Table Purine and pyrimidine compositions deoxyribonucleic acid from control, 5-aminouracil-inhibited, 
5-chlorouracil-inhibited and thymine-deficient Escherichia coli 


Proportion bases DNA (moles/100 moles total recovered bases) 


5-Chloro- 
Bacterial preparation Adenine Guanine Cytosine Thymine uracil aminopurine 
Control 23-6 26-1 22-4 0-42 
5-Aminouracil-inhibited 22-4 26-7 19-1 4-1 
5-Chlorouracil-inhibited* 23-4 26-0 14-2 1-4 
Thymine-deficient 22-0 28-6 18-9 


Dunn Smith (1957). 


when there sufficient thymine allow growth 
and DNA synthesis. Bacteria which were washed 
and resuspended medium without thymine, 
conditions under which the cells rapidly lose their 
viability (Barner Cohen, 1954), showed 
detectable increase the 6-methylaminopurine 
content their DNA even after incubation for 
several hours. 


Identification and estimation 6-methylaminopurine 
other deoxyribonucleic acids 


examined DNA preparations from number 
other organisms for the presence 
aminopurine. Liberation the purines hydro- 
lysis 55°, followed two-dimensional 
chromatography solvents and proved the 
simplest technique for its estimation. Whereas 
solvent alone separates 6-methylaminopurine 
from the other purines, solvent separates 
the former from traces ultraviolet-absorbing 
materials coinciding with its position solvent 
The adenine and 6-methylaminopurine spots were 
eluted and 

Where larger amounts DNA were available 
6-methylaminopurine was also estimated per- 
formic acid hydrolysates. The material 
was placed band Whatman no. paper and 
run solvent The area containing cytosine and 
6-methylaminopurine was eluted water, the 
material concentrated stream air 50° and 
run paper chromatograms solvent where 
6-methylaminopurine moves front cytosine, 
and the ratio 6-methylaminopurine:cytosine was 
thus obtained. consider the values from this 
method the more reliable owing variability 
the readings from the ‘blank’ the two- 
dimensional paper chromatograms. 

The criteria used the identification 
methylaminopurine were: (1) the correspondence 
its value with that the synthetic 
methylaminopurine ‘marker’; (2) its ultraviolet- 
absorption spectra and (Fig. 1). The 
base was identified constituent the DNA 
from three strains coli, Aerobacter aerogenes, 
Mycobacterium tuberculosis, Pneumococcus, coli 
bacteriophages and and Salmonella 


Table proportions 6-methylamino- 
purine and adenine deoxyribonucleic acids from 
bacteria and bacteriophages 


Values are expressed moles 6-methylaminopurine/ 
100 moles adenine. 
Method hydrolysis 
A 


n-HCl 

coli K12 1-7* 
Aerobacter aerogenes 2-6 
Pneumococcus 0-44* 


(bovine strain) 


Results based single estimations. 


bacteriophage. all the nucleic acids the pro- 
portion 6-methylaminopurine was low, varying 
from 0-4 moles/100 moles adenine (Table 5). 
The complete purine and pyrimidine compositions 
some the nucleic acids are given Table 

exclude the possibility that the small amount 
the adenine) was due contaminating host 
DNA (molar proportion 6-methylaminopurine/ 
adenine, estimated the cytosine 
content the phage DNA. (The cytosine contents 
and coli DNA are and 25% the total 
bases respectively.) Examination formic acid 
hydrolysates two-dimensional chromatography 
greater than the cytosine 
would have been detected. 

those nucleic acids where 6-methylamino- 
purine was not found have given Table 
estimates the proportions which would have 
remained undetected our methods. These are 
based the optical densities eluates from the 
appropriate areas the chromatograms which 
failed give absorption maximum over the 
range 230-300 mp. 
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Table Purine and pyrimidine compositions deoxyribonucleic acids from strains 


Escherichia coli and 


Aerobacter aerogenes 


DNA Aerobacter aerogenes was prepared (a) the method Smith Wyatt (1951), (b) the trypsin method. 


Proportions bases DNA 


(moles/100 moles total recovered bases) 


Source DNA Adenine Guanine Cytosine Thymine aminopurine 
coli 23-1 26-4 25-0 0-42 
Aerobacter aerogenes (a) 28-1 19-2 0-55 
Aerobacter aerogenes (b) 28-2 27-0 19-1 0-53 


Table 


methylaminopurine deoxyribonucleic acids 


where was not detected 


Maximal 
proportion 


6-methylaminopurine 


Source DNA 


Calf thymus 

Horse spleen 

Wheat germ 

yeast 

Bacillus cereus 

Staphylococcus albus 

aureus 

Streptomyces griseus 
Streptomyces bacteriophage 


Method 
hydrolysis 


(moles/100 moles 
adenine) 
0-15 
0-28 
0-26 
1-0* 

0-08 n-HCl 


0-10 
0-21 
0-28 


2-0* 


Estimates based visual observations photographic prints chromatograms. 


DISCUSSION 


The methylated derivatives adenine, 2-methyl- 
adenine and 6-dimethylaminopurine occur natur- 
ally components vitamin and puromycin 
respectively (Brown, Cain, Gant, Parker Smith, 
1955b; Dion, Calkins Pfiffner, 1954; Waller, 
Fryth, Hutchings Williams, 1953). Recently, 
both these purines together with 6-methylamino- 
purine have been found occur small amounts 
ribonucleic acids organisms 
(Littlefield Dunn, The occurrence 
these derivatives raises the question their 
significance nucleic acid structure. 

With the exception coli grown under 
conditions causing thymine deficiency, 
aminopurine occurs DNA small proportions. 
Taking the value for the molecular weight 
DNA 9-1 (Brown, M’Ewen Pratt, 1955c) 
and assuming random disiribution 
aminopurine, the base would constitute 120 
residues/DNA molecule coli bacterio- 
phage would contain 500 residues/virus particle. 
calf-thymus DNA, where were unable 
detect 6-methylaminopurine, must represent 
less than nine residues/molecule (assuming 
molecular weight Brown al. 1955c). 
Equally small amounts 6-methylaminopurine 


could have remained undetected the other DNA 
which investigated. 

The amounts 6-methylaminopurine bacterial 
DNA are the same order magnitude those 
some animal DNA (Wyatt, 
1951). However, the biological distribution 
6-methylaminopurine DNA quite different 
from that 5-methyleytosine which occurs 
plant and animal DNA but absent from micro- 
bial DNA. 

The molar proportions adenine/thymine and 
cytosine/guanine deoxyribonucleic acid are 
generally close agreement with the double 
helical structure proposed Watson Crick 
(1953). those DNA’s containing 
sine the molar ratio and 


sine)/guanine also equals suggesting that the 


structure 
cytosine, pairs with guanine. Similarly, can 
concluded that the 5-halogenated uracils, when 
incorporated into DNA, must replace thymine 
residues (Dunn Smith, 1957). the normal 
DNA have examined 6-methylaminopurine 
comprises only less the total purine and 
pyrimidine residues. This corresponds less than 
the deviations from unity the molar ratios 
adenine/thymine and guanine/cytosine generally 
observed analyses DNA. these 
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acids not possible from analytical data 
determine the position that 6-methylaminopurine 
might occupy the structure. 
aminouracil, 2-thiothymine limiting concentra- 
tions thymine, the proportion 
aminopurine the bacterial DNA increases 
15% more the adenine. This usually 
accompanied decrease the proportion 
thymine. several preparations the decrease 
the proportion thymine residues was very nearly 
equalled the increase that 6-methylamino- 
purine, suggesting the latter base replaced thymine 
the nucleic acid structure. This correspondence 
was fortuitous, many analyses DNA from 
5-aminouracil-inhibited bacteria the decrease the 
proportion DNA thymine not related the 
increase 6-methylaminopurine. addition, 
increase the proportion 6-methylaminopurine 
the DNA coli was noted where 
chlorouracil was apparently completely replacing 
thymine residues (Table 4). From their similarity 
structure seems more likely that 
aminopurine was replacing adenine residues, and 
our analytical data far not eliminate this 
possibility. 

The causes increase 6-methylaminopurine 
coli DNA are not clear. The formation 
the abnormal DNA appears associated 
with growth limited supply thymine. Some 
thymine analogues which are not incorporated into 
the DNA appear limit the utilization thymine 
the bacteria, but even with analogues which 
apparently replace thymine residues the DNA, 
increase the proportion 6-methylamino- 
purine has been noted. Growth the presence 
6-methylaminopurine, which inhibitory the 
bacteria, does not result increase the pro- 
portion the base the DNA (Dunn Smith, 
With 5-aminouracil-inhibited bacteria 
have shown that growth accompanied loss 
viable cell count. the complete absence 
thymine, when there little DNA synthesis, 
increase DNA 6-methylaminopurine can 
detected. Thus loss viability coli 
characteristic incubation medium devoid 
thymine (Barner Cohen, 1954), appears 
unassociated with changes the 6-methylamino- 
purine content the DNA. 


SUMMARY 


6-Methylaminopurine has been identified 
constituent deoxyribonucleic acid from 
Escherichia coli when grown the presence 
5-aminouracil 2-thiothymine low concen- 
trations thymine. During growth under these 
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more the adenine. The purine and pyrimidine 
compositions these nucleic acids are given. 

The isolation 6-methylaminopurine deoxy- 
riboside and deoxyribonucleotide from coli 
deoxyribonucleic acid described. 

6-Methylaminopurine also occurs normally 
deoxyribonucleic acid coli strains B/r, 
and Aerobacter aerogenes, amounting 
about the adenine, and smaller amounts 
the deoxyribonucleic acids Mycobacterium 
tuberculosis, coli bacteriophage 
and Salmonella bacteriophage. 

6-methylaminopurine could detected 
deoxyribonucleic acid from calf thymus, horse 
spleen, wheat germ, salmon sperm, yeast, Staphylo- 
coccus, Bacillus cereus, Streptomyces griseus and 
Streptomyces bacteriophage. Values are given for 
the maximum proportion 6-methylaminopurine 
which would have remained undetected. 


Imperial Chemical Industries Ltd. and the American 
Cyanamid Co. for generous gifts chemicals and 
Harriett Ephrussi-Taylor for sample 
DNA. are grateful Littlefield for data 
the spectrum 6-methylaminopurine riboside. One 
(D.B.D.) wishes thank the Agricultural Research 
Council for studentship received while part this work 
was progress. 
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Comparison and Combination the Starch-Gel and Filter-Paper 
Electrophoretic Methods Applied Human Sera: 
Two-Dimensional Electrophoresis 


Department Public Health and Connaught Medical Research Laboratories, 
University Toronto, Canada 


(Received August 1957) 


Recently method zone electrophoresis using 
starch gel the supporting medium has been 
described (Smithies, 1955a, which enables 
number serum-protein components 
demonstrated which are not seen with the classical 
electrophoretic methods. series experiments 
has therefore been carried out order correlate 
the results obtained with starch gels with those 
obtained with filter-paper electrophoresis. The 
results these experiments suggested that 
suitable combination the two methods 
single method would lead more complete 
resolution the serum-protein components than 
possible any other single method. system 
involving electrophoresis two dimensions, first 
filter paper and secondly right angles starch 
gel, has been developed. This two-dimensional 
system has been briefly described preliminary 
report (Smithies Poulik, 1956). full account 
the method given below, and the results ob- 
tained with are discussed. 


Present address: The Child Research 
Michigan, Detroit Michigan, U.S.A. 


Center 


small number abnormal sera have been 
studied the starch-gel and filter-paper electro- 
phoretic methods order confirm the findings 
with normal sera, and illustrate the potentialities 
starch-gel electrophoresis the study ab- 
normal sera. 

EXPERIMENTAL 
Starch-gel electrophoresis 


The method starch-gel electrophoresis described 
Smithies was used. important changes the 
procedure have been made, but the method preparing 
starch suitable for serum electrophoresis 
studied more detail. The source unhydrolysed potato 
starch appears considerable importance. the 
many varieties potato starch tested, starch obtained 
from Denmark gives product closest that originally 
used. Starch from Idaho was also found suitable. 
testing given starch, hydrolysis carried 
acid 100 vol. reagent-grade acetone). Several small 
samples the starch and the acid 
are equilibrated overnight thermostatically controlled 
room 37°. The hydrolysis started adding the 
acid the starch samples 


Vol 


wate 
lysis 
for 
time 
narr 
new 

most 
lysec 
solut 
from 
heat 
and 

und 
firm 
tens 
gres 
gel 
com 
semi 


that 
fron 
equ 
lead 


cons 
siste 

at a 

beer 

the 

and 

0-03 

A 
yea 

filte 

ace’ 

acic 

stri 

at 1 

cha 

dry 

elec 

are 

wit 

pay 

elec 


gs 
es 


Vol. 


ml./30 starch). The reaction stopped adding 
ml. aq. acetate. Thorough washing with 
water and drying with acetone follow. range hydro- 
lysis times tried (usually and and the 
hydrolysis time giving the most suitable product used 
for preparing larger quantities. necessary the hydrolysis 
time more closely defined repeating the test with 
narrower time intervals. redetermined whenever 
new batch starting material used. The selection the 
most suitable hydrolysis time made considering the 
mechanical properties the gel obtained from the hydro- 
lysed starch concentration g./100 ml. buffer 
solution. Considerable under-hydrolysis gives product 
from which solution cannot made even after prolonged 
heating the starch suspension. moderately under- 
hydrolysed starch will into solution only with difficulty 
and sets sticky gel which will stretch considerably 
under tension. correctly hydrolysed starch will set 
firm gel which has good mechanical strength yet under 
tension breaks cleanly. Over-hydrolysis leads pro- 
gressively weaker gels. When suspension correctly 
hydrolysed starch heated during the preparation the 
gel temperature reached which the suspension be- 
comes semi-solid. However, further heating will cause the 
semi-solid mass liquefy. This temporary semi-solid 
consistency should not confused with the final con- 
sistency under-hydrolysed starch, which will persist 
even after prolonged heating. 

When starch with satisfactory mechanical properties 
been obtained the conditions for electrophoresis are 
adjusted the optimum varying the concentration 
the borate buffer solution used making the gels. stock 
solution buffer made containing 0-5 mole boric acid 
and mole sodium Dilute solutions are 
prepared from this stock solution ranging from 0-020 
total borate. The final concentration selected 
that which gives serum-protein pattern which the 
front and back aibumin zone are approximately 
equal sharpness. Increasing the concentration borate 
leads sharpening the front the albumin zone. 


Filter-paper electrophoresis 


conventional system which has been used for several 
years one (M. P.) was employed. Whatman no. 
filter-paper strips, are used with buffer 
solution (pH 8-55) the following composition: sodium 
acetate, sodium barbital, 0-048m; hydrochloric 
acid, Four strips are set simultaneously. The 
strips are freely suspended horizontal plane, supported 
the ends removable plastic framework. The whole 
system electrode vessels and strips placed closed 
chamber that excessive 
drying does not occur during electrophoresis. Serum 
(0-01 ml.) applied each strip narrow zone. Electro- 
phoresis carried out for hr. with potential across the 
electrodes 115-120v. After the electrophoresis the strips 
are dried room temperature and the proteins are stained 
with Amido-black 10B (Bayer Leverkusen, Germany). 

The distributions the stained proteins the filter- 
paper strips shown Plates and were obtained 
photographing the tracings the cathode-ray tube 
electronic computer previously described (Pinteric 
Poulik, 1954; Poulik Pinteric, 1955). 
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Combination the starch-gel and filter-paper 
electrophoretic methods 


The following combination the two electrophoretic 
techniques has been successfully employed. 

Whatman no. filter-paper strip cm. cm.) for hr. 
with the buffer solution, voltage gradient and general 
experimental arrangement described above. After the 
electrophoresis the paper removed from the moist 
chamber and narrow strips are cut from the two edges. 
These strips are stained rapid manner with bromo- 
phenol blue while the unstained portion the filter paper 
stored the cold room. The stained strips are then used 
guides that part the unstained filter paper over which 
the serum proteins are distributed. Serial sections 
mm. mm.) are cut from this part the filter paper, 
illustrated Fig. Each section then introduced 
into slit starch gel alongside small piece filter 
paper mm. mm.) soaked the original serum. With 
care, intermixing the two samples can avoided. The 
remaining part the original filter-paper strip later 
stained with Amido-black 10B provide accurate 
index the location the protein fractions the serial 
sections. After the second electrophoresis the starch gels, 
slicing and staining are carried out the usual way. 
Protein components common both the whole serum and 
the serum fraction obtained from the filter-paper electro- 
phoresis can then identified uninterrupted bands 
across the whole width the gels. the filter-paper 
section removed from the gel also stained the end 
the experiment any protein failing enter the gel can 
detected. 

Two-dimensional electrophoresis 


Serum ml.) first subjected electro- 
phoresis room temperature (25°) mm. mm. 
strips Schleicher and Schiill filter paper (Carl 
Schleicher and Schiill, Dassel, Germany) for hr. with 
potential 115-120v between the electrodes and the 
buffer solution described above. Several these strips are 
suspended the closed chamber, the humidity which 
controlled placing alongside the narrow filter-paper 
strips wider strips soaked the same buffer solution but 
with serum applied them. One the narrow strips 
stained check the separations obtained the end the 
filter-paper electrophoresis before the second starch-gel 
electrophoresis. 

The technique used for the starch-gel electrophoresis, 
which carried out right angles the filter-paper 
electrophoresis, extension that previously described 
for small gels, the only change being size; suitable 
made across the cm. dimension the gel about mm. 
from one end with suitably mounted razor blades that 
small strip can removed from the end the gel. 
second parallel cut made cm. from the first and 
the gel displaced into the space left the removed 
portion order open slot. Into this slot inserted 
the protein-bearing portion (less than cm. length) 
the narrow filter-paper strip. The previously stained strip 
enables this portion selected, and the manipulations 
can facilitated picking the protein-bearing filter 
paper with plastic spring clips mounted parallel each 
other and spaced about 11-5 cm. The slot the gel then 
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closed around the inserted strip returning the dis- 
placed gel its original position. The removed portion 
gel replaced and coating melted petroleum jelly 
applied the exposed gel surface prevent evaporation 
during the electrophoresis. Electrical contact with the ends 
the gel made with filter-paper wads soaked bridge 
solution, and voltage gradient 6v/cm. applied for 
hr. The gel then removed from the tray and placed 
cutting block ready for slicing horizontal plane. The 
filter-paper strip removed before the slicing, which 
done with dermatome knife blade supported either 
side the gel plastic guide strips mm. thick) attached 
the cutting block. The knife must free from any 
irregularities its cutting edge, and slicing done most 
easily piece thick plastic sheet the same dimen- 
sions the gel allowed rest top during the 
slicing. The knife should carried through the gel 
single uninterrupted movement. The proteins are stained 
with Amido-black 10B the usual way. filter-paper 
strip removed from the gel also stained any protein 
failing enter the gel can detected and its position 
relative the other components can determined. 


Gel photographs 

The photographs shown the plates were taken 
Adox mm. film (Dr Schleussner Fotowerke 
Frankfurt-on-Main, Germany) with Tungsten 
illumination and Wratten A25 red filter. Development 
was for min. 20° with Adox E10 developer (resulting 
contrast equivalent photographic gamma approxi- 
mately 0-65). This type film and development give close 
representation the negatives and final enlargements 
the wide range intensities dye seen the starch gels. 

Figs. were drawn indian ink over high-contrast 
photographs the gels. Kodak Microfile was used with 
Wratten red filter. Development was for min. 20° 
with Kodak formula developer. 


RESULTS AND DISCUSSION 


Determination haptoglobin types 


The inherited serum-protein differences which 
have been demonstrated normal individuals with 
the starch-gel electrophoretic method (Smithies 
Walker, 1955) prove determined differences 
the haptoglobins different individuals 
(Smithies Walker, 1956). The haptoglobin type 
serum sample can established starch-gel 
electrophoresis either the absence the 
presence haemoglobin the serum (Smithies, 
1955b), since both the free haptoglobins and the 
complexes haptoglobin and haemoglobin differ 
their mobilities starch gels sera the three 
haptoglobin types. attempt demonstrate 
viduals filter-paper electrophoresis has been 
made. Fig. shows photographs the results 
obtained with typical sera the three haptoglobin 
types (1-1, 2-1 and 2-2) the absence haemo- 
globin (1, and and the presence (4, and 
added haemoglobin (approx. 200 mg./100 ml.). 


These results indicate that, the absence 
haemoglobin, sera the three haptoglobin types 
are indistinguishable filter-paper electrophoresis, 
the presence haemoglobin, however, changes 
occur the filter-paper patterns which are 
characteristic for each type. Sera haptoglobin 
type 1-1 the presence haemoglobin give two 
red zones. The slower these due excess 
haemoglobin, which migrates the same rate 
and the faster due the 
complex. The complex migrates 
essentially the same rate sera 
haptoglobin type 1-1 (see the arrow under pattern 
no. Fig. 1). The position this complex has been 
confirmed two-dimensional electrophoresis. 


5 

a 


Fig. Photographs the filter-paper electrophoresis results 
obtained with typical sera the three haptoglobin types 
(1-1, 2-1 and 2-2) the absence haemoglobin (strips 
and and the presence (strips and added 
haemoglobin (approx. 200 mg./100 ml.). The arrows 
under the photographs strips and indicate the 
positions the complexes. 
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sera haptoglobin type 2-1 the free haemo- 
globin migrates again the same rate 
globulin, but the com- 
plexes sera this type migrate little more 
slowly than (see the arrow under 
pattern no. Fig. and give characteristic 
appearance the stained-protein patterns. 

sera haptoglobin type 2-2 the 
haptoglobin complexes migrate still more slowly, 
rate approximately half way between that 
and that some sera 
haptoglobin type 2-2 sufficient haptoglobin 
present for the complexes seen distinct 
zone between the and zones. 

Although these experiments demonstrate that 
filter-paper electrophoresis can used deter- 
mine haptoglobin types, the reliability the 
determinations less than with starch-gel electro- 
phoresis since the amount haptoglobin present 
individuals the three types may vary consider- 
ably (see Plates and 6). When the amount present 
low serum may incorrectly typed unless the 
starch-gel method used. 

The relative rates migration the starch gels 
and filter paper free haptoglobin, free haemo- 
globin and their complexes provide confirmation 
the hypothesis discussed Smithies that 
the additional resolution obtained starch gels, 
compared with classical electrophoretic methods, 
due additional effect molecular size 
rates migration when starch gel used the 
supporting medium for electrophoresis. sera 
all three haptoglobin types the complexes 
haemoglobin and haptoglobin migrate filter 
paper rates greaier than free haemoglobin, 
although less than equal that the hapto- 
globins not the complex form. When the same 
sera are studied starch gels the complexes always 
migrate more slowly than either free haemoglobin 
the corresponding free haptoglobins. This 
indicates that the increase molecular size which 
results from complex formation causes decrease 
the starch-gel mobilities values less than 
those the proteins not complex, although 
these same complexes migrate intermediate 
mobilities filter paper, and therefore probably 
free solution also. 


Correlation the starch-gel and filter-paper 
electrophoresis components 


The correlation the components demonstrated 
starch-gel electrophoresis with those demon- 
strated filter-paper electrophoresis has been 
established the method which the proteins 
serial sections filter-paper electrophoresis strip 
are compared with whole serum second 
electrophoresis starch gels, and the use the 
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two-dimensional system electrophoresis. The 
correlation the components established these 
methods makes necessary revision the nomen- 
proposed cease using the terms 
and which now prove misnomers. 
the future suggested that, whenever 
possible, specific names applied the proteins, 
e.g. haptoglobins, copper-binding protein, etc. 
most cases this not yet possible. the interim 
some method description starch-gel com- 
ponents, particularly those seen the two- 
dimensional system, necessary. 

Description can made primarily with reference 
the classical five fractions Tiselius. Proteins 
which migrate filter paper between these 
fractions can still referred them; e.g. 
protein migrating between the and 
When any the classical fractions comprises 
many components secondary identification can 
made with reference the starch-gel system, 
assigning capital letters the components that 
fraction order their mobilities the gels, e.g. 
the fraction filter paper and having 
the second greatest starch-gel mobility the 
globulins. Should, later date, any additional 
component identified, e.g. between «,-globulin 
and could given the next 
letter the alphabet still unused for the respective 
fraction, e.g. that the letters used 
describe already demonstrated components 
would not changed the discovery new 
components. 

Figs. and show the results the two correla- 
tion methods the serum normal 
individual haptoglobin type 2-1. The small 
letters the figures refer the same starch-gel 
components, and the diagrams are arranged that 
the directions the migrations the two figures 
have the same orientation. The legend Fig. 
indicates those zones which have been specifically 
identified with proteins isolated described 
other investigators, and summarizes the suggested 
method describing the zones which specific 
names can yet given. 

detailed discussion these results and the 
means whereby some the zones have been 
identified follows. 

Zone due albumin which shows sign 
being resolved into more than one component 
either electrophoretic system. 

Three zones can recognized the 
fraction (b, and the figures). Zone (originally 
has been identified the acidic «,-glycoprotein 
Schmid (1950) and Weimer, Mehl Winzler (1950) 
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means the combination starch-gel electro- 
phoretic and immunological methods described 
Poulik (1956). Specific antiserum against the acidic 
was kindly given the authors 
Morris Goodman, Detroit Institute for Cancer 
Research. The acidic «,-glycoprotein which was 
used the antigen produce this antiserum 
chickens (Goodman al. 1957) was prepared 
modification the methods Schmid (1950) and 
Weimer al. (1950). Zones and are not yet 
identified and will therefore designated 
Globulin the quantitatively major component 
the fraction. one-dimensional 
starch gels «,-globulin unresolved from albumin. 

filter paper migrates rate between that «,- 
globulin and one-dimensional gels 
unresolved from the main 
globulin fraction (zone Figs. and 3). 

The great complexity the fraction 
shown filter-paper section no. (Fig. 2), and 
the two-dimensional experiment. least ten 
components can recognized. Zones and 
and have not been identified 
(they were previously referred ‘post-albu- 
mins’). Zone haptoglobin present only 
small amounts sera haptoglobin type 2-1. 
This haptoglobin present much greater 
amounts sera haptoglobin type 1-1, which 
the only haptoglobin present. Thus the hetero- 
zygote, (Smithies Walker, 1956), has 
small amounts the haptoglobin which character- 
izes the homozygote, Zone not 


Fig. diagrammatic representation the results 
electrophoresis starch gels the proteins serial 
sections taken from filter-paper electrophoresis strip 
(serum haptoglobin type 2-1) compared with the 
proteins whole serum. the right-hand side each 
gel are seen the proteins present one the serial 
sections. the left-hand side are the proteins the 
whole serum. The numbers the figure are the serial 
numbers the sections. The key the letters the 
figure given the legend Fig. 
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identified and may designated 
not haptoglobin and part the starch-gel 
fraction originally referred 
Zones and are the characteristic hapto- 
globins sera haptoglobin type 2-1. These 
and since they are haptoglobin type-specific and 
such nomenclature would lead confusion with 
the similar, but not identical, haptoglobins type 
2-2 sera. They may designated type 2-1 hapto- 
globins. The fastest-migrating type 
globin (zone not readily resolved one- 
dimensional gels from zone A); 
present all sera haptoglobin type 2-1, but not 
sera types 1-1 2-2. The presence this 
protein the cause the observation Smithies 
(19556) that the type 2-1 sera 
(now known frequently comprise two com- 
ponents) are usually less well resolved from 
globulin than type 2-2 sera. 

Zone the most slowly migrating 
The irregular zone immediately 
are temporarily adsorbed the filter paper, and 
seen only when the serum inserted into gels 


f ese 


Fig. diagrammatic representation two-dimen- 
sional electrophoresis experiment serum hapto- 
globin type 2-1. The filter-paper strip obtained from the 
first electrophoresis was inserted into the gel the 
position shown the solid line across the figure. The 
second (starch-gel) electrophoresis was carried out 
right angles this line. Key lettering (applies also 
Figs. and 4): albumin; acidic «,-glycoprotein; 
molecular-weight y-globulins. 
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filter paper. Since the most slowly 
migrating the gels would 
expected the fraction greatest molecular 
size. Confirmation this expectation has been 
obtained. Henry Kunkel the Rockefeller 
Institute, New York, kindly supplied the authors 
with highly purified glycoprotein) 
sedimentation coefficient 19s prepared 
electrophoretic and ultracentrifugal methods (Wal- 
lenius, Trautman, Kunkel Franklin, 1957). This 
material was shown electrophoresis the gels 
correspond When serum stored 
the shows increase its starch-gel 
mobility, which suggests that labile. 
antiserum against the heat-labile glycoprotein 
Brown, Baker, Peterkovsky Kaufman (1954) 
was prepared the injection into rabbits 
material kindly supplied Ray Brown, 
New York State Department Health, New York. 
This antiserum reacted specifically with 
globulin. thus probable that the 
(19s) and heat-labile glycoprotein 
are identical. 

Zone particularly well shown the bottom 
the gel corresponding the filter-paper section 
labelled (B). the bottom the gel the pro- 
teins from the edge closer this 
filter-paper section will seen. (All other drawings 
Fig. depict the proteins the middle the 
gels.) This result clearly indicates that this protein 
migrates between and 
filter paper, confirmed the two-dimensional 
experiment. Consequently the protein can suitably 

globulin fraction the two-dimensional experi- 
ment illustrated. Zones and have not been 
identified and may designated 
and (see filter-paper section no. 
Fig. the quantitatively predominant 
globulin the majority sera investigated the 
present time. However, some individuals 
additional protein seen which 
migrates slightly less rapidly than 
both the starch gels and filter paper, and 
present approximately the same amount 
globulin This will discussed 
more detail later paper. Zone stains with 
lipid stains. one-dimensional gels the chief 
lipid-staining component serum migrates this 
rate (see also Silberman, 1957). Zone thus 
probably high molecular weight. 

The characteristic appearance the y-globulin 
zone (u) the two-dimensional gels suggests that 
there distribution protein components this 
serum fraction with essentially continuous range 
mobilities. This observation accordance 
with the electrophoretic studies 
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Kunkel (1956) purified Cohn fraction 
y-globulin. 

The nature (old nomenclature) 
relative the classical methods has been deter- 
mined separate experiment which the filter- 
paper electrophoresis was carried out for only 
short time hr.) that this component had not 
diffused undetectable concentration. 
migrates faster than albumin filter paper well 
the gels and thus, the revised nomen- 
clature, termed pre-albumin probably 
equivalent the pre-albumin described Hoch 
Chanutin (1953) and Schutze, Schénenberger 
Schwick (1956). 

two-dimensional experiment performed 
normal individual haptoglobin type 1-1 
illustrated Fig. for comparison with the results 
the serum haptoglobin type 2-1. The charac- 
teristic haptoglobin (zone this type 1-1 serum 
present considerable quantity. other 
haptoglobins are present. other respects this 
serum equivalent the type 2-1 serum. 

evidence seen the two-dimensional 
experiments any protein components which fail 
enter the where the extended 
globulin zone intersects the insertion slit and where 
the protein would expected migrate away 
from the filter paper. This suggests that proteins 
very wide range molecular sizes can enter the 
gels. However, noted above, the starch-gel 
resolutions appear result from greater effect 
molecular size mobilities than the case free 
solution. These two observations may under- 
stood the gel regarded network poly- 
saccharide chains which are continual thermal 
movement. There will continually fluctuating 


s 


Fig. two-dimensional experiment serum hapto- 
globin type 1-1. The key the letters the figure 
given the legend Fig. 
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range ‘pore sizes’ given position the gel. 
large ‘pore’ required, permit the passage 
protein large molecular size, longer time 
will the average elapse before such ‘pore’ 
available than for small ‘pore’. Thus proteins 
large molecular size will hindered their migra- 
tion but will not prevented from entering the 
gels, unless additional factors, such solubility 
the dilute buffer solution great asymmetry (e.g. 
fibrinogen), are involved. 


Abnormal sera 


small number abnormal sera have been 
studied the starch-gel and filter-paper methods 
order confirm the correlations the starch-gel 
components with the classical five components 
which have been established the studies 
normal sera, and illustrat the possibilities the 
starch-gel method for the study abnormal sera. 
Serum samples which, where possible, only one 
the five main serum-protein fractions was in- 
creased were selected for this study. These sera 
were obtained from patients the teaching 
hospitals the University Toronto. The 
authors have not attempted speculate the 
interpretation the results terms the patho- 
logical states the patients since many in- 
stances only one specimen was studied. 

Plates and illustrate photographically the 
results obtained the starch gels. The apparent 
dye intensities the different gels are comparable 
since standard photographic conditions exposure 
and development were used. 
results are illustrated photographs the 
tracings obtained the cathode-ray tube 
electronic computer for scanning filter-paper strips 
(Pinteric Poulik, 1954; Poulik Pinteric, 1955). 
The vertical co-ordinate these tracings corre- 
sponds the concentration dye bound 
protein, the horizontal co-ordinate distance 
along the filter-paper strips. 

summary the chief points interest each 
serum sample follows. The results serum from 
normal individual (see Plate are included for 
comparison with the abnormal sera. 

Serum Male, years. Normal individual. 
Haptoglobin type 2-2. Serum from person 
was used typical example haptoglobin type 
2-2 serum the experiments illustrated Fig. 

Serum Male, years. Carcinoma the lung. 
Haptoglobin type 2-2. Total protein not available. 
The increases both the and 
fractions demonstrated the filter-paper method 
this serum are seen the starch-gel result. The 
acidic «,-glycoprotein, the type 2-2 haptoglobins 
and the are markedly all 
sera far examined which filter-paper electro- 
phoresis shows increase the 
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fraction the starch-gel method shows that the 
acidic «,-glycoprotein increased. 

Serum Female, years. Nephrotic syndrome. 
Haptoglobin type 2-2. Total protein 3-5 g./100 ml. 
The filter-paper experiment indicates that the 
globulin fraction forms the major protein constituent 
this serum. The starch-gel experiment shows that 
the larger molecular size 
and the type 2-2 haptoglobins) have been retained 
the circulation, might reasonably ex- 
pected this condition. Acidic «,-glycoprotein 
present greater amounts than normal sera. 

Serum Female, years. Multiple myeloma. 
Haptoglobin type could not determined. Total 
globulin present the serum this individual 
both methods. The amount y-globulin 
considerably reduced. 

The following results (see Plate are included 
demonstrate the differences the y-globulins 
number abnormal sera which can shown un- 
ambiguously with the starch-gel electrophoretic 
method. The differences are much less clearly 
defined the filter-paper experiments. 

Serum Male, years. Arteriosclerotic heart 
disease with congestive heart failure, carcinoma 


Meniscus 


min 


Abnormal 


y-globulin 


min 


Fig. Ultracentrifuge diagrams serum (see Plate 
diluted vol. serum plus vol. (w/v) 
Spinco ultracentrifuge, speed 780 rev./min. Temp. 
Upper diagram: min. after reaching 780 rev./min. 
Lower diagram: min. after reaching 780 rev./min. 
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Plates and comparison the results starch-gel and filter-paper electrophoresis experiments serum samples 
from eight individuals. The starch-gel experiments are illustrated photographs the stained gels. The filter-paper 
experiments are illustrated photographs the tracings the cathode-ray tube electronic computer for 
scanning stained filter-paper electrophoresis strips. Serum normal. Sera show abnormal features. 

POULIK AND COMBINATION THE STARCH-GEL AND FILTER- 
56° PAPER ELECTROPHORETIC METHODS APPLIED TO HUMAN SERA: TWO-DIMENSIONAL ELECTROPHORESIS 

(Facing 642) 


the 


PLATE BIOCHEMICAL JOURNAL, VOL. 68, NO. 


Serum 
Albumin 
Serum 
Albumin 
Serum 


Albumin 


For legend see Plate 
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the prostate (confirmed post mortem). Haptoglobin 
type 2-1. Total protein 6-8 g./100 ml. The abnormal 
y-globulin present considerable quantities this 
serum largely failed enter the starch gels and 
formed layer the positive side the slot used 
for sample insertion. The presence considerable 
amounts exceptionally large molecular size 
highly asymmetric protein was inferred from this 
behaviour. Examination the serum the ultra- 
centrifuge showed that the abnormal protein was 
high molecular weight and suggested that was 
highly asymmetric (see Fig. 5). This protein thus 
probably fails enter the gels because the same 
factors prevent fibrinogen from entering the gels. 

Serum Female, years. Multiple myeloma 
(confirmed post mortem). Haptoglobin type 2-1. 
individual clotted about min. with very little 
clot retraction standing. Despite this sug- 
gestion macroglobulinaemia the abnormal 
globulin enters the gel and shows very darkly 
staining area the gel the negative side the 
insertion slot. The behaviour the starch gel 
the y-globulin from this patient quite different 
from that seen with the serum sample although 
the filter-paper results are very similar. 

Serum Female, years. Mother juvenile 
diabetic. Serum from this supposedly normal 
individual was obtained for genetic studies. The 
starch-gel result suggested multiple myeloma, and 
further examination this woman showed 
clinical signs this condition which had previously 
been overlooked. Haptoglobin type 2-1. Total 
protein was not available. Both the filter-paper 
and starch-gel results show abnormal distribu- 
tion proteins the y-globulin fraction. 

Serum Female, years. Uncertain diagnosis, 
possibly lupus erythematosis type condition. 
Haptoglobin type 2-2. Total protein g./100 ml. 
marked generalized increase the y-globulin 
seen this serum both methods. 

The studies summarized the Plates show that 
changes the proteins abnormal sera which can 
demonstrated occur given serum-protein 
fraction filter-paper electrophoresis are also 
found occur the corresponding fractions 
starch-gel electrophoresis. The 
crease information which can obtained the 
use the starch-gel method apparent. 

The series abnormal sera presented the 
Plates also indicates the need for care the 
identification the starch-gel zones grossly 
abnormal sera. such sera the rates migration 
the proteins the one-dimensional gels may 
differ slightly from those normally seen, since the 
apparent mobilities the different proteins are 
some extent interdependent. However, the starch- 
gel components abnormal sera may still 
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identified relative the normal components 
comparing, single starch gel, the abnormal 
serum with normal serum the same hapto- 
globin type. 

SUMMARY 


The results obtained the electrophoresis 
the proteins normal and abnormal sera the 
starch-gel and filter-paper methods are compared. 
The considerable increase information given 
the starch-gel method apparent. 

The components demonstrated the gels are 
correlated with those seen filter paper, the 
use suitable combination the two methods. 

two-dimensional electrophoretic system 
(the first dimension filter paper, the second 
right angles starch gel) described detail. 
More than serum-protein components can 
demonstrated with this system. 

nomenclature suitable for describing the 
methods proposed. 

Several the components have been identi- 
fied with specific proteins previously isolated 
described other workers. 
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Although has long been known that there are 
seasonal variations the chemical characteristics 
butterfat, has yet not been possible 
assess the relative importance nutritional and 
lactational influences. Moreover, the Northern 
Hemisphere the problem further complicated 
the effects, which necessitate the main- 
tenance cows indoors during the colder months, 
thereby causing marked changes the composition 
and properties milk fats. 

has been shown that the composition New 
Zealand butterfat does not vary greatly with 
locality, but undergoes regular seasonal changes 
(Cox 1948; Hansen Shorland, 
1952). 

series papers the factors causing 
variations the yield and composition the milk 
New Zealand Romney ewes grazing under condi- 
tions comparable with those dairy cows (Barni- 
coat, Logan Grant, 
Murray, Roberts Wilson, 1956) has been shown 
that the lactation curves for yield and composition 
ewe’s milk are similar those the dairy cows, 
when allowance made for the different lengths 
lactation, which are approximately and 
weeks respectively. 

Ewe’s milk yields attained peak about 
weeks, cow’s about weeks, and the fat, 
both species, after slight initial declines, showed 
gradual rises which inclined steeply towards the 
end the lactation periods. The lactation curve 
for the ewe therefore similar form that 
the dairy cow, but only about one-third the 
duration. 

The that sheep and cattie are both 
pasture-fed throughout the year New Zealand 
has permitted compare the chemical com- 


Table 


Stage Average Average 


Sample lactation milk yield fat yield 
no. (weeks) (kg./day) (g./day) 
(peak) 1-78 79-2 
(end) 0-93 59-4 


Characteristics 


positions their milk fats similar dates and 
equivalent stages lactation, and produce 
evidence support theory that the diet the 
most important factor responsible for seasonal 
changes the composition their milk fats. 


EXPERIMENTAL 


this work animals were taken random from flock 
100 4-year-old Romney ewes Massey Agricultural 
College, where they were grazed improved pasture con- 
sisting predominantly ryegrass and white clover and 
five seven ewes/acre. Milk samples were 
collected over period 2-3 days after over- 
night fasting, and coincided with the peak, decline and end 
lactation respectively (see Table 1). The fat was obtained 
from the milk churning, melting and filtering through 
paper 40°. 

The ester-fractionation analyses were carried out 
outlined Hansen Shorland (1952), with the exception 
the steam-volatile distillates. These were neutralized 
phenolphthalein with n-KOH and excess was added. 
The soap solution was evaporated dryness and the com- 
position the fatty acids determined the procedure 
James Martin (1952) with gas—liquid chromatography. 
shown Table chromatography was found 
give results similar those obtained fractional 
distillation described Hansen Shorland (1952). 

The non-steam-volatile acids were crystallized three 
times from vol. acetone —40° and the solid and 
liquid acids were converted into methyl esters. The 
lation was carried out helically packed fractionating 
column (column Shorland, 1952), about methyl 
esters being used. The fatty acid compositions were 
lated the method described Hilditch (1956). 
addition, the proportions anteiso acids were determined 
measuring the optical activity the fractions, the 
values obtained Milburn Truter (1954) for the pure 
compounds being used standards. The anteiso acids were 
allowed for calculating the fatty acid compositions. 
and acids have been found cow-milk 


samples ewe-milk fat 


Fat 
milk Acid value Saponification 
(%) value equivalent 
4-44 4:3 45-1 239-9 
45-0 
6-39 6-0 41-2 241-8 
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fat small amounts (Shorland, 1956) but, there DISCUSSION 
satisfactory analytical technique for determining the per- 
centages present, they have not been recorded the ghown Table the New Zealand and English 
present work. (Hilditch Jasperson, 1944) ewe-milk fats are 

similar fatty acid composition, differing mainly 
the di- and poly-enoic acids the method Brice, the higher contents unsaturated acids and 
Swain, Herb, Nichols Riemenschneider (1952). lower contents myristic and palmitic acids the 
results, given Table are compared with published New Zealand samples. Similar results were ob- 
analyses butterfat. tained Dhingra (1934) for Indian ewe-milk fat, 


Table Comparison the composition ewe-milk fat and fatty acids (moles 


shown parentheses were obtained fractional distillation described Hansen Shorland (1952). 
Not determined. 
New Zealand cow 


New Zealand sheep (Hansen Shorland, 1952) 
sheep Sept. Nov.* April May 
Spring Jasperson, July Spring Jan. Autumn 
Saturated acids 

Acetic 0-0 0-0 0-7 
Butyric 10-3 (8-9) 9-7 12-0 11-5 10-8 11-4 9-6 9-5 
Octanoic (2-6) 0-9 1-9 1-4 1-2 1-2 
Decanoic 7-9 (7-9) 6-6 6-4 2-7 4-4 3-0 

Myristic 8-9 9-9 8-4 9-6 11-4 10-6 10-4 9-7 

Palmitic 14:3 18-3 21-6 21-6 23-1 22-0 

Stearic 12-9 10-7 10-3 11-3 11-1 11-2 11-9 12-2 
Arachidic 0-0 0-0 0-0 0-4 0-7 0-6 0-7 0-6 0-8 
Total 62-7 63-4 66-9 69-8 65-9 70-0 

Unsaturated acids 

Decenoic 0-2 0-1 0-2 0-2 0-2 0-4 0-3 0-2 0-2 
Dodecenoic 0-1 0-1 0-2 0-2 0-2 0-2 
Myristoleic 0-4 0-6 0-9 0-8 1-0 1-0 1-2 1-1 
Palmitoleic 2-0 2-1 2-0 2-4 1-7 1-7 2-0 2-0 
33-6 28-4 29-5 28-0 25-6 29-2 29-8 
1-1 1-2 1-6 0-9 1-2 1-1 1-4 1-4 
Total 36-6 33-1 30-2 27-9 30-0 34-7 


Peak production. 
linoleic acid has been reported Hilditch Jasperson (1944). This result was presumably based the iodine 
values, but later work has shown that other poly- and di-enoic acids are present. 


Table Di- and poly-enoic and trans-unsaturated acids ewe-milk fat and butterfat 


are given total fatty acids. 


Unconjugated acids trans- 
no. diene acids Diene Triene Tetraene acids 
Ewe-milk fat 
(present work) 
1-1 1-4 0-3 11-9 
2-9 1-0 1-4 13-5 
Conjugated triene and tetraene acids not found. McDowell (1953). 


Cornwell, Backderf, Wilson Brown (1953). 
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but values for the lower unsaturated fatty acids 
were recorded. Neither Hilditch Jasperson 
(1944) nor Dhingra (1934), however, gave details 
concerning the breed, diet stage lactation. 

will observed Table that the contents 
octanoic and acids and C,, unsaturated 
acids are higher New Zealand sheep-milk fat 
than New Zealand butterfat, mainly the 
expense palmitic acid. This ranges from 14-3 
New Zealand ewe-milk fat, compared 
with New Zealand butterfat. 

butterfat the most marked change the 
composition occurs November, coinciding with 
the maximum rate growth pasture. this 
stage there pronounced reduction the content 
C,, unsaturated fatty acids. Ewe-milk fat shows 
similar change composition this time the 
year. butterfat the decrease unsaturated 
acids compensated for the presence in- 
creased amounts saturated acids. 
ewe-milk fat the proportions saturated 
acids are increased. 

already mentioned, the period lactation 
the ewe much shorter than that the cow. 
the stage lactation were the main factor in- 
fluencing fatty acid composition, the changes 
fatty acid composition would follow the same 
course the two animals corresponding stages. 
The data Table lend support this view. 
The results, however, are accord with the view 
that food intake primary importance 
determining the fatty acid composition these 
milk fats. Similar conclusions were reached 
Hansen Shorland (1952) from their studies 
seasonal variations New Zealand butterfat. 

French Folley (1950, 1951) demon- 
strated the central role acetate milk-fat 
formation (up and including palmitic acid). The 
utilization acetate for fat formation provides 
mechanism for the variation fatty acid com- 
position. 

expected that November, when the 
food intake high, there will more acetate 
available for fat synthesis. However, this time 
lactation nears completion the ewe and the 
yield milk declines without corresponding 
reduction fat yield (Table 1). This suggests that 
extra acetate from the increased food supply 
involved, resulting increase the total 
percentage the saturated fatty acids 
November) and reduction the 
percentage C,, unsaturated acids. The decrease 
the content lower volatile fatty acids, how- 
ever, appears anomalous. possible explanation 
may that separate enzymes are involved the 
activation fatty acids different chain length 
(cf. Lynen, 1954). 
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Analysis the di- and acids showed 
changes during lactation, nor were any significant 
changes observed the amounts 
acids present. From Tables and will seen 
that the amounts unsaturated fatty acids are 
higher ewe-milk fat than butterfat, are the 
contents conjugated dienoic and non-conjugated 
di- and tri-enoic acids. The trans-unsaturated acid 
contents are higher than those observed Corn- 
well, Backderf, Wilson Brown 1953), who found 
moles butterfat prepared Ohio, U.S.A. 


SUMMARY 


The fatty acid composition Romney 
milk fat taken the peak, decline and end 
lactation has been determined. 

unsaturated acids the end November 
(late spring) similar that cow-milk fats. 
This period represents the end lactation for the 
early-lambing ewe, but only the middle lactation 
for the cow. 

suggested that the change fatty acid 
composition associated with the increased food 
intake November, and not greatly 
the stage lactation. 


The authors are indebted Hawke the Fats 
Research Laboratory for chromatographic 
analyses. 
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104. METABOLITES PENICILLIUM ATROVENETUM SMITH: 
B-NITROPROPIONIC ACID, MAJOR METABOLITE* 


Department Biochemistry, London School Hygiene and Tropical Medicine, University London 


(Received October 1957) 


Gorter (1920) reported the isolation, from the root- 
bark Javanese tree, Hiptage madablota 
Gaertn., new glucoside, hiptagin. treating 
hiptagin the cold with acid 
acetone obtained, addition glucose, am- 
monia and carbon dioxide, colourless crystalline 
substance, m.p. 68°, which named hiptagenic 
acid. showed that this substance strong 
with the empirical formula 
but was unable identify with any 
known substance. Carrie (1934) investigated the 
known glucoside karakin, from the berries the 
New Zealand karaka tree (Corynocarpus laevigata 
Forst.), and following the same hydrolysis 
procedure was used Gorter isolated, 
addition glucose, ammonia and carbon dioxide, 
crystalline acid, m.p. 68°, which was shown 
determination mixed melting point with 
hiptagenic acid identical with it. Karakin 
was reinvestigated Carter (1943), who confirmed 
the empirical formula for hiptagenic acid and 
attempted unsuccessfully determine its structure 
and synthesize it. Later Carter McChesney 
(1949) identified hiptagenic acid 
acid, CH,(NO,)*CH,*CO,H. Some years ago the 
legume Indigofera endecaphylla Jacq. (‘trailing 
indigo’) was introduced from the Orient 
forage and cover crop into Hawaii and Latin 
America, but was later found produce severe 
toxic symptoms dairy cattle. Morris, 
Warmke (1954) identified the principle 
acid and remarked that since this 
acid has now been isolated from several different 
species plants ‘it may play important role 
nitrogen metabolism’. 

Meanwhile acid became 
interest from entirely different biological angle 
when was reported metabolite strains 
the Aspergillus flavus-oryzae group microfungi. 
Bush Goth (1943) investigated flavicin, peni- 
cillin-like antibiotic which they isolated from 
Dox salts medium containing 
relatively large amounts (20 concentrated 

Part 103: 


Sankhala, Stickings, Taylor 
Thomas (1957). 


corn steep liquor. During the purification crude 
flavicin Bush, Goth Dickison (1945) isolated 
fraction colourless crystals, m.p. 
equiv. wt. 124, which had antibiotic 
activity, yield 900 mg. from culture 
fluid. This substance was identified 
propionic acid Bush, Touster Brockman 
(1951), who state ‘whether [i.e. 
acid] formed enzymatic decomposition 
complex substance the corn steep liquor, 
synthesis from simple precursors, not known’. 
More recently Nakamura Shimoda (1954) 
reported the detection acid 
crude preparations new antibiotic, oryzacidin, 
which was isolated Shimoda (1951) from 
laboratory cultures Aspergillus oryzae. This 
species, which very closely related morpho- 
logically flavus, was grown sucrose 
which the nitrogen was present exclusively 


peptone and the crude sodium salt 


oryzacidin was obtained from this 
culture medium. Fractionation the 
crude sodium salt yielded 310mg. 
propionic acid. 

have now found that two out three 
available strains Penicilliwm atrovenetum 
Smith produce remarkably large yields 
nitropropionic acid when grown 
solution, which chemically defined medium 
containing only mineral salts addition glucose 
and tartaric acid and which the sole sources 
nitrogen are the ammonium salts tartaric, 
phosphorie and sulphuric acids. 
acid also produced when this 
mould grown Czapek—Dox solution, 
chemically defined medium which sodium 
nitrate the sole source nitrogen. Paradoxic- 
ally, however, the yield obtained was only about 
that isolated from solution. 

The mould used new species Penicillium 
which was described recently George Smith 
this Department (Smith, 1956). has been 


shown Neill Raistrick (1957) produce new 
mycelial colouring matter, atrovenetin, 
orange plates, 


Which, along with the 


j 
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colouring matters herqueinone, and 
norherqueinone, from the morphologic- 
ally closely related species, Penicillium 
(Barton, Mayo, 
Morrison, Schaeppi Raistrick, 1956). 

acid was isolated exhaustive 
ether extraction the acidified culture filtrates 
atrovenetum. The ether extract was evaporated 
dryness and the largely crystalline residue was 
sublimed high vacuum. The colourless crystalline 
sublimate, m.p. was identified 
propionic acid analysis and comparison with 
authentic synthetic specimen the acid. 
mixture the two specimens showed depres- 
sion melting point. 

series metabolism experiments cultures 
the type strain atrovenetum grown 
medium has established the follow- 
ing points interest; all these experiments the 
quoted yields acid refer 
substantially pure, colourless, sublimed acid with 
melting point close 68°. 

(a) Some the acid formed 
the earliest stages active growth and meta- 
bolism, that can scarcely dismissed 
product autolysis waste end-product. 
Thus, although acid could detected 
sterilized but uninoculated medium, was 
isolated from single flask (350 ml. medium) 
28hr. after inoculation and this amount had 
increased 26-5 mg./flask after hr. incubation. 

(b) The greater part the acid 
formed before the mould fully grown. Thus, 
after days’ incubation, when the dry weight 
the mould was 2-935 g., the yield 
acid was compared with 304 mg./ 
flask after days’ incubation, when the weight 
the mould had increased 4-188 (see Table 4). 

(c) The yields acid are 
surprisingly large, the maximum yield obtained 
normal medium being 370 mg./flask 
(350 ml.) after days’ incubation. the 
nitrogen balance during growth the mould 
normal medium (see Tables and 5), 
after incubation periods and days, the 
following estimations were made: (1) residual 
ammonia nitrogen; (2) nitrogen the mould 
mycelium; (3) calculated nitrogen recovered 
acid. From these figures 
calculated that average 63% (limits 59- 
68%) the ammonia nitrogen which meta- 
bolized the mould ways other than the 
synthesis its own mycelium present the 
which was obtained after days’ incubation. 

similar study (see Tables and was made, 
which the medium used was modified 
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the use three times the normal amount 
ammonium tartrate, thus giving medium 
taining 450mg. ammonia nitrogen/flask 
compared with 180 mg./flask the normal Raulin- 
Thom medium. The results obtained showed that, 
was obtained and that 848 mg. 
acid/flask was isolated after days’ incubation. 

Analysis the nitrogen balance the 
modified medium (Tables and 
confirms the conclusion previously arrived that 
the earlier stages growth and metabolism. Thus, 
after days’ incubation, when only one-quarter 
the glucose and one-third the ammonia nitrogen 
originally present the culture medium had been 
metabolized, (512 mg./flask) the maximum 
yield (848 mg. after days) 
acid had been formed. 

acid appears the first and 
only aliphatic nitro compound ever isolated from 
natural sources, though two naturally occurring 
aromatic nitro compounds have been described, 
namely the antibiotic chloramphenicol (chloro- 
from Streptomyces venezuelae (Rebstock, 
Crooks, Controulis Bartz, 1949) and unnamed 
toxic nitro compound, which was 
isolated from cultures Streptomyces thioluteus 
Hirata, Okuhara Naito (1954). 
compounds contain residue. 


EXPERIMENTAL 


Cultures. Three strains Penicilliwm atrovenetum 
Smith were used: (a) The type strain (London 
School Hygiene and Tropical Medicine), cat. no. 
683; (b) strain 715; (c) strain 467. The history 
these strains given Neill Raistrick (1957) and 


detailed description the species given Smith (1956). 


acid was isolated from cultures strains 
(a) and but none could detected from strain (c). 

Culture media. (a) solution: glucose 
0-5 g.; 0-5 g.; 0-01 g.; water 
11. The only source nitrogen this medium 

tartaricacid,4-0g.;ammonium tartrate, 


0-07 g.; 0-07 g.; water 
Nitrogen (0-5258 present this medium solely 
ammonium salts. 


Production and isolation B-nitropropionic 
acid solution 


(a) strain 683. solution was 
distributed 350 mf. amounts forty conical flasks 
which were plugged with cotton wool and sterilized 100° 
for min. each three successive days. The 
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the flasks were then inoculated with spore suspension 
water, prepared from slopes, the type strain 
Penicillium atrovenetum 683, four flasks being sown 
from each slope. The flasks were incubated the dark 
24° and were harvested four batches ten after 
and days’ incubation respectively. The mycelia each 
case covered the surface the culture medium and had 
grey, heavily wrinkled surface with bright 
reverse. The clear light-yellow culture fluids were separated 
filtration from the mycelia, which were pressed dry 
possible. Each batch filtrate (pH 3-0, 3-0, 3-2, was 
then extracted without acidification thrice with 0-5 vol. 
ether. The ether extracts from each batch were combined, 
filtered, evaporated 50°, dried vacuo and weighed (see 
Table column 2). The residues, consisting mass 
colourless long needles set brown semi-solid oil, were 
transferred separately 250 ml. distillation flask fitted 
with ‘cold finger condenser’ and exhaustively sublimed 
high vacuum (about Hg) with bath temp. 
60-65°. All the colourless crystalline sublimates melted 
the range 65-69° (see Table column 

The results summarized Table indicate that total 
9-26 sublimed material was isolated from flasks 
cultures containing originally total 141. 
Thom solution, which equivalent 231-5 mg. sub- 
limate/flask. 

The dried crude ether extracts are not readily purified 
crystallization from any solvent, though small amounts 
the metabolic product may crystallized from light 
petroleum (b.p. cyclohexane, neither which 
very soluble. However, the substance sublimes very 
readily and almost quantitatively high vacuum 
60-65°, the sublimation being conveniently carried out 
vessel immersed the vapour boiling 


Table Isolation B-nitropropionic acid from the 
normal solution 

Experimental details are given the text. 


Wt. sublimed 


Incubation Wt. dried 
period ether extract acid 
(days) (mg./flask) (mg./flask) 

351 242 
350 231 
344 236 


343 217 
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repeated crystallization sublimation was obtained 
colourless needles with constant m.p. (corr.). 
contains and but halogens, sulphur and 
phorus are absent [Found: 30-1, 30-2; 4-11, 4-26; 
11-8, 11-9; (by direct estimation), 54-2%; mol.wt. 
(Rast), 123. Calc. for 30-3; 4-23; 11-8; 
53-75%; mol.wt. 119]. 

The purified product readily soluble water, ether, 
ethanol and benzene. Its aqueous solution acid Congo 
red, gives precipitate with Brady’s reagent 
2:4-dinitrophenylhydrazine aq. does not 
absorb Br, from bromine water liberate from aqueous 
KI. Its aqueous solution, after neutralization with NaOH 
phenolphthalein, gives buff-coloured precipitate with 
aqueous 

The product gave typical red colour reaction for 
primary nitro group Victor Meyer nitrosation test with 
cone. NaNO, 20% aqueous NaOH (quoted Sidgwick, 
1942). was identified acid, 
failing depress the m.p., 
authentic synthetic specimen, admixture 
with it. acid was synthesized, substanti- 
ally described Gresham al. (1952), and purified 
sublimation. was slowly treated with 
aqueous NaNO, solution room temp. After standing for 
2-5 hr. the mixture was acidified with and 
extracted with ether. The crude product obtained 
removal the solvent was purified repeated sublima- 
tion high vacuum previously described, giving 
synthetic B-nitropropionic acid long colourless needles, 
m.p. 

duplicate experiment designed determine the 
maximum recoverable yield acid and 
the optimum time harvesting, flasks Raulin-Thom 
medium (350 ml. each) were inoculated with atro- 
venetum type strain 683 grown and 
batches five flasks each were harvested after 11, 
and days’ incubation 24°. The culture fluids were 
collected the previous experiment but this case 
were acidified the addition conc. ml.) each 
batch (pH about 1-6). They were then extracted with ether 
highly efficient continuous extraction apparatus for 
total period about 48hr., the ether extracts being 
collected from time time. The crude extracts from each 
batch were combined, evaporated, dried vacuo and 
weighed (Table column 3). Each extract was then re- 
extracted with sodium-dried ether and separated filtra- 
tion from undissolved material consisting tartaric acid 
the early stages and semi-solid resins the later stages 


Table Production B-nitropropionic acid strain S.M. 683 grown normal solution 


Experimental details are given the text. 


Incubation Crude ether 
period extract 
(days) (mg./flask) 

615 
3-0 681 
756 
617 
665 
549 
525 


Wt. sublimed 


Material 
extracted 


Material not 
extracted 


dry ether dry ether acid 
(mg./flask) (mg./flask) (mg./flask) 
210 408 280 
118 563 349 
139 617 367 
522 309 
580 284 
474 266 
503 259 
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incubation (wts. Table column 4). The ether extracts 
were evaporated dryness the sublimation flask 
(Table column wt.=column and sub- 
limed high vacuum giving colourless crystalline sub- 
limates (Table column similar those described the 
previous experiment. The results given Table indicate 
that the optimum time harvesting about days and 
that, after this incubation period, 0-367 g./flask pure 
sublimed acid can obtained. 

(b) strain S.M. 715. Twenty-five flasks 
Thom solution were inoculated with atrovenetum strain 
715 and incubated 24°. Batches five flasks were 
harvested after and days. The mycelia, which 
were grey and heavily wrinkled after days, quickly 
developed colour with dirty-yellow reverse. 
The ‘iltrates, which were bright yellow clear 
brown after days, were collected with strain 683. 
Portions (500 ml.) from each batch were extracted 
number times with 250 ml. ether each time. None 
the batches was acidified before extraction except the 
batch which was harvested after days, which was made 
acid Congo red with HCl. The results obtained are 
summarized Table and indicate that the yields 
nitropropionic acid, m.p. obtained from 
atrovenetum strain 715 are the same order those 
obtained from strain 683. 

(c) strain 467. Ten flasks strain 
467, grown solution for days, were 
harvested the usual manner. The culture filtrate, 
was extracted times with 0-5 vol. ether, giving 0-571 
light-brown oil from which crystals, but only trace 
colourless oil, were obtained attempted sublimation 
62° high vacuum. 


Production B-nitropropionic acid 
solution strain S.M. 683 


Twenty flasks solution were inoculated 
with the type strain 683 atrovenetum and incu- 
bated 24°. Two batches flasks each were harvested 
after and days’ incubation respectively. The mycelia 
were different appearance from those 
solution, having upper surface and orange 
reverse. The culture filtrates, light green—brown colour 
and somewhat opalescent, were acidified with conc. HCl 
mi.) and extracted five times with 0-5 vol. ether. The 
experimental results follow. Incubation period, and 
days; 4-5 and 4-3; glucose (%), 3-04 and 2-46; total 
wt. dried ether extract from flasks, 0-934 and 0-999 g.; 
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total wt. sublimate from flasks, 0-309 and 0-271 
The sublimates were not nearly pure those obtained 
from solution, but, after resublimation, 
527 mg. the combined sublimates gave 513 mg. off- 
white needles, m.p. mixed m.p. with crystals 
obtained from Raulin-Thom solution. The yield 
nitropropionic acid obtained solution was 
thus only about one-tenth that from Raulin-Thom 
solution. 

experiment designed investigate the 
soluble, ether-extractable metabolites atrovenetum 
other than acid, 100 flasks Czapek—Dox 
solution were inoculated with strain 683 and incubated 
24° for days. The mycelium (dry wt. 328 g.), which 
was then deep blue-green colour with orange reverse, 
was separated filtration from the greenish brown, some- 
what opalescent culture fluid 4-1 and containing 
residual glucose (by polarimeter). The filtrate 
was acidified with conc. HCl (200 ml.) about 
kept for days and refiltered. This filtrate was 
adjusted with aqueous NaOH, evaporated 
vacuo 1-51., reacidified with HCl (200 ml.) and 
again filtered. The chocolate-brown precipitates 
probably containing atrovenetin, which were separated 
filtration, were discarded. 

The reddish coloured filtrate was extracted twice with 
ether (200 ml.). The extract, removal the 
solvent, gave dark-brown gum which did not 
crystallize. The aqueous phase was then further extracted 
with ether two highly efficient continuous extractors and 
gave the following fractions: (a) after 14hr., 
partially crystalline gum; (b) after further hr., 
mostly crystalline; (c) after concentration the aqueous 
phase filtration and extraction for 
31-1 good crystals, m.p. 130-150°. Fractions (a) and 
(b) were combined and were shown consist essentially 
somewhat impure citric acid, follows. The mixture was 
washed with cold ethyl acetate remove gum, crystallized 
from boiling ethyl acetate giving 
28-6 off-white crystals, m.p. and then from 
dry ether (Soxhlet), giving colourless crystals, m.p. 152- 
153°, mixed m.p. with anhydrous citric acid, 
m.p. 151-5-153°; titration equivalent, 64-28, for 
anhydrous citric acid titrating tribasic acid, 
64-04; trimethyl ester, via methanol HCl, colourless 
crystals, m.p. (literature, citramide, from 
the above trimethyl ester colourless crystals, m.p. 
207° (literature, Fraction (c) consisted only 
slightly impure citric acid. The total yield citric acid 
obtained was thus about 


Table Production B-nitropropionic acid atrovenetum, strain S.M. 715, 
grown normal solution 


Experimental details are given the text. 


Incubation 


Wt. sublimed 


Crude ether 


period No. extract acid 
(days) extractions (mg./flask) (mg./flask) 

3-4 389 273 
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B-NITROPROPIONIC ACID 


Nitrogen balance sheets for cultures 
atrovenetum strain S.M. 683 


Grown normal Raulin-Thom medium. batch 
fifty 11. flasks, each containing 350ml. (accurately 
measured) solution [see culture medium 
(b)], were sterilized 100° for min. each three 
successive days. Twenty-four flasks were inoculated with 
aqueous suspension spores atrovenetum strain 
S.M. 683 prepared from 45-day-old cultures tubes 
three flasks being sown from each tube. 
further flasks were similarly inoculated with 13-day-old 
cultures the same strain atrovenetum. Two flasks 
were reserved for analysis. 

The inoculated flasks were incubated 24° the dark 
and batches four flasks each were harvested after 
and incubation. Each batch was filtered 
funnel, the combined mycelia were drained the 
pump and flasks and mycelia were washed with three 
successive portions water. The combined filtrates and 
washings were adjusted and analysed described 
below. The combined mycelia were dried constant weight 
(Table column vacuo room temp. over conc. 
H,SO, and then over silica gel. 

The mould, which grew well this medium, was white 
after and days’ incubation, grey with olive-yellow 
reverse after days and blue-green with olive reverse 
after and days. The culture solution became increasingly 
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yellow with age and was finally bright yellow and slightly 
opalescent after days. 

The following estimations, the results which are 
assembled Tables and were carried out the 
culture filtrate and mycelium. (i) comparator 
(Table column 2). (ii) Residual ammonia (Table 
column 2). rapid stream NH,-free air was aspirated 
room temp. through the filtrate mixed with 
ml.) and alcohol (octan-2-ol) (10 drops) 
and the liberated NH, was absorbed and titrated 
containing methyl red. The medium theo- 
retically contained 184-1 mg. per flask; found, 
medium after sterilization but not inoculated, 179-6 mg. 
NH,-N per flask. (iii) acid (Table 
column 4). The filtrate (1-4 1.) was acidified 1-5 with 
conc. HCl (5-8 ml.) and was exhaustively extracted with 
ether continuous extractor for 12-18 hr. The ether 
extract was filtered, evaporated, dried vacuo over silica 
gel and weighed (A). The dried extract was thoroughly re- 
extracted with dry ether, and the undissolved portion, 
consisting essentially tartaric acid, was separated 
filtration, dried and weighed (B). The difference between 
weights (A) and (B) gives the weight the ether-soluble 
extract (Table column which was evaporated, allowed 
crystallize and sublimed high vacuum 
described above. The colourless crystalline sublimate 
almost pure acid was collected and weighed 
(Table column 5), and from this weight its theoretical 


Table General cultural details 


atrovenetum, strain S.M. 683, 


grown normal medium 


Experimental details 


Incubation Wt. 
period mycelium 
(days) (g./flask) 

0-627 
1-491 
2-935 
4-188 
4-115 


Table 


Nitrogen balance sheet for 


are given the text. 


Wt. sublimed Total wt. 
content ether-soluble 
mycelium acid extract 

(%) (mg./flask) (mg./flask) 
6-07 72-1 95-9 
4-52 168-0 244-0 
297-6 
2-78 303-8 487-2 
2-68 336-3 535-6 


atrovenetum, strain S.M. 683, 


grown normal medium (see Table 


Incubation 
period residual NH, Mycelial 
(days) (mg./flask) (mg./flask) 

179-6 
2 127-6 38-1 
3 82-0 67:3 
5 29-9 98-5 
4-9 116-2 


-Nitropropionic 


accounted 


acid Residual for 
(mg./flask)* (mg./flask) (mg./flask) 

3-2 182-8 

8-5 3-8 178-0 
(61 %) 

19-8 177-4 
(65%) 

35-0 10-6 174-0 

12-6 169-4 
(61%) 

39-6 16-3 168-3 


Values parentheses are explained the text. 


| 
59 0, 
(59%) 


content was calculated (Table column 4). The figures 
parentheses this column are follows. 
The sum residual NH, (column 2)+N the 
mycelium (column deducted from the present 
NH, the original medium (179-6 mg.). The present 
the isolated acid then expressed 
percentage this figure, which may described the 
percentage the yield acid theoretic- 
ally obtainable from the that metabolized the 
mould ways other than the synthesis its own 

(iv) Residual nitrogen filtrate other than ammonia 
nitrogen (Table column 5). The ether-extracted filtrate 
was freed from ether bubbling air through it, and its 
volume was readjusted its initial value 1-41. the 
addition water. Its total content was then determined 
portion the Kjeldahl method. Deduction the 
NH,-N (Table column from this Kjeldahl figure then 
gives ‘Residual filtrate other than NH,-N’. (v) 
Mycelial (Table column 3). This was determined the 
Kjeldahl method weighed portions the dried myce- 
lium. (vi) accounted for (Table column 6). This figure 
the sum the items given Table columns 2-5. 

The results obtained with the second batch flasks, 
which were inoculated with cultures atrovenetum 
strain S.M. 683 aged days, were general very similar 
those just described when cultures aged days were 
used for inoculation. The main difference noted was that, 
whereas the older cultures gave maximum yield 
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336-3 mg. acid/flask after days, the 
younger cultures gave maximum yield 369-9 mg./flask 
after days. 

Grown modified medium. The medium 
used this experiment differed from normal 
medium two respects: contained (a) glucose 
monohydrate, (b) three times the amount ammonium 
tartrate, i.e. The medium thus theoretically 
contains 467-9 mg. NH,-N/flask; found, medium after 
sterilization but not inoculated, 450-4 mg. NH,-N. The 
discrepancy between the calculated 
occurs both media and and probably caused, 
part, the fact that solid diammonium tartrate ‘slowly 
loses some NH, exposure air and then has acid 
reaction’ (Merck Index, 1952). 

Twenty flasks, each containing 350 ml. this 
were sterilized and inoculated with spore suspension 
atrovenetum strain 683 distilled water, prepared 
from five test-tube cultures and aged days, 
The inoculated flasks were incubated 24° the dark and 
batches four flasks each were harvested after 
and days respectively. 

The mould grew well this medium and, the early 
stages growth, was very similar appearance the 
flask cultures normal Raulin-Thom medium described 
section Sporing commenced the fifth day and was 
complete the seventh day. the eighteenth day the 
thick greyish green mycelium was very brittle and showed 
obvious signs autolysis. The culture solution, 


Table General cultural details atrovenetum, strain S.M. 683, 
grown modified medium 


Experimental details are given the text. 


Wt. sublimed Total wt. 
Incubation Residual Wt. content ether-soluble 
period glucose mycelium mycelium acid extract 
(days) (g./flask) (%) (mg./flask) (mg./flask) 
12-17 1-453 4-85 512 602 
7-28 3-078 5-28 679 892 
4-79 3-638 753 965 
0-67 3-033 5-06 758 1010 


Table Nitrogen balance sheet for atrovenetum, strain S.M. 683, 
grown modified medium (see Table 


Incubation B-Nitropropionic 
period residual NH, Mycelial acid accounted for 
(days) (mg./flask) (mg./flask) (mg./flask)* (mg./flask) 
171-0 162-4 413-2 
125-0 187-4 88-6 401-0 
(64% 
117-5 173-1 99-7 390-3 
(62% 
152-8 153-3 89-2 


(62% 


Values parentheses are explained the text. 
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clear pale-yellow colour, gradually darkened clear 
after days’ incubation. 

The quantitative examination the mould cultures was 
carried out similar way that described section 
but with the following variations: (a) The residual the 
culture filtrate other than NH,-N (Table column was 
not estimated. (b) Residual glucose solution was esti- 
mated polarimetrically after removal tartaric acid with 
basic lead acetate solution (Tabie column 3). The results 
obtained are given Tables and 


SUMMARY 


acid, CH,(NO,)*CH,*CO,H, 
has been shown major nitrogenous meta- 
bolite cultures Penicillium atrovenetum 
Smith grown two chemically defined ‘syn- 
thetic’ culture media containing, sole sources 
nitrogen, the ammonium salts tartaric, phos- 
and acids the one medium and 
sodium nitrate the other. 

Over 60% the ammonia nitrogen that was 
metabolized the mould for purposes other than the 
synthesis its mycelium was recovered crystal- 
line acid. maximum yield 
this culture filtrate was isolated. 

earliest stages growth the mould, reaches 
maximum amount before the mould fully grown 
and thereafter decreases. 

The yield acid obtained 
from the medium containing nitrate was only about 
10% that isolated from the medium which 
ammonium salts constituted the sole source 
nitrogen. 

acid has now been isolated 
from several different species plants and micro- 
organisms, that seems probable that the acid 
plays significant, but present undefined, part 
their nitrogen metabolism. 
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The Separation Amino Acids and their N-Acetyl Derivatives 
Paper Chromatography and Paper Ionophoresis 


WHITEHEAD 
British Empire Cancer Campaign, Radiochemical Laboratory, Barnato-Joel Laboratories, 
The Middlesex Hospital Medical School, London, 


(Received June 1957) 


The any method analysis isotopic- 
dilution techniques which labelled reagents are 
employed dependent upon the complete separa- 
tion the derivatives formed both from each other 
and also from any excess the reagent used. 
During the development such method for the 
determination sub-microgram quantities 


amino acids and peptides, which uses acylating 
agents labelled with and and separation 
the acetyl derivatives two-dimensional chro- 
matography, was found that traces active 
acetate ion appeared vital area the chro- 
matogram. satisfactory separation the 
acetyl amino acids obtained chromatography 
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one direction and ionophoresis second 
direction. Under these conditions, the acetate 
impurity moves area the paper well 
removed from the other components the mixture. 
similar difficulty was experienced with the 
spread active inorganic iodide ion paper 
chromatograms the separation 
iodo-amino acids hydrolysates thyroid tissues 
(Gross Leblond, 1951). With the ionophoretic— 
chromatographic techniques, the iodide migrates 
discrete spot well ahead the other active 
compounds the mixture during the ionophoresis. 
The apparatus described this paper was 
originally developed for the two-dimensional 
ionophoretic separation peptide materials 
two different values, and resembles the 
apparatus used several authors (e.g. Durrum, 
1950, 1951; Flynn Mayo, 1951; McDonald, 
Urbin Williamson, 1951) which the filter paper 
suspended moist chamber. The evaporation 
water from both surfaces the paper saturated 
with electrolyte reduced far possible 
supporting protecting papers just above and below 
it. These protecting papers are kept saturated 
with water and cooled banks cooling tubes. 


EXPERIMENTAL 
Apparatus 


The apparatus consists essentially three compartments: 
two similar electrode chambers connected middle 
compartment containing the supports for the papers and 
the racks cooling tubes. The main casing the ap- 
paratus made wax-impregnated wood and the other 
parts are mostly constructed insulation Tufnol board 
(Tufnol Ltd., Perry Barr, Birmingham) glass sheet. 
Perspex sheet would have been ideal for construction, but 
was not readily available when the apparatus was originally 
developed. 

The essential features the apparatus are shown 
Fig. Each electrode compartment (20 in. in. in.) 
contains two glass troughs the type used chromato- 
graphy. The lower troughs (1) diam. with 
18in. in. slot) with water serve the wick end- 
papers which keep the lower protecting paper saturated. 
The upper troughs (2) (22 in. in. diam. with in. in. 
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slot) contain the electrolyte solution and extend each 
end through holes bored through the sides the 
ments. Perspex rods (3) around which the platinum-wire 
electrodes (30 in. in. diam.) are spiralled are held 
position rubber stoppers each end the troughs, 
Holes in. diam.) are blown the top each trough 
facilitate the changing and levelling the electrolyte. 

fitted with copper drip-tray (4) catch any water con- 
densing the lower set cooling tubes (5). This part the 
cooling system consists glass tubes in. external 
diam., in. apart) running transversely across the chamber. 
glass plate (6) (20 in. in. in.) rests the tubes 
and supports three Whatman no. filter papers which 
are kept saturated with water the wick 
which dip into the lower troughs the electrode 
ments. mesh made linen thread 
Heavy Stitching Thread no. 20) impregnated with silicon 
grease (Dow Corning High Vacuum Grease) 
above the glass plate and supported two Tufnd 
cross-members and the sides the compartment. The 
which the ionophoresis carried out laid this 
thread mesh overlapping (approx. cm.) and resting on, 
each end, wick papers (40 which bend over, 
pass through slits (18 in. in.) cut the Tufnol strips 
(7) and dip into the electrode troughs. 

second mesh grid) suspended in. above the 
mesh already described and supported across wooden 
frame extending over all three compartments 
(42 cm. rest the thread mesh and are moistened 
with water before each run. Immediately above this 
protecting paper set cooling tubes (8) 
external diam., in. apart) supported the same frame- 
work the upper mesh. The delivery tubes for the cooling 
water pass through the back the compartment and are 
joined the tubes the frame rubber tubing. These 
rubber connexions act hinges for the upper framework, 
which can thus raised facilitate the insertion the 
ionophoresis paper before experiment. The 
ment closed each end wooden side pieces (9) the 
base which are screwed the two Tufnol strips (7). The lid 
the apparatus consists sheet plate glass (10) 

Water maintained about 10° below room temperature 
periodic additions ice circulated from lagged 
storage tank (capacity gallons) Stuart Turner pump. 
The flow controlled temperature regulator 
through relay switch connected the motor the pump 
The regulator stem passes through holes bored through the 


Fig. Diagram apparatus longitudinal vertical section. Numbers are those used the text. 
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front the cabinet the apparatus and the front member 
the upper framework supporting the cooling system 
between the two central tubes. The control set that the 
thermometer laid the upper protecting papers near 
the regulator stem shows constant temperature 
below room temperature. 

Smoothed rectified current supplied the electrodes 
from conventional power pack capable giving 
The circuit includes variable resistance, volt- 
meter and milliameter. 


General technique 


One-dimensional ionophoresis. The mixtures are applied 
the usual way from micropipette points marked 
along pencil line drawn across the paper (Whatman 
no. x36cm.). The starting line usually the 
central axis the paper, but where all the ions move the 
same direction often more convenient for the mixtures 
applied further from the electrode which the ions 
migrate, thus allowing longer period separation. 
Pencil lines are drawn across the paper parallel the 
starting line and distance in. either side. The 
paper suspended vertically from one end over drip tray 
and the area below the starting line saturated with the 
appropriate buffer solution slowly drawing the tip 
filled ml. pipette across the lower parallel pencil line and 
allowing the electrolyte flow down the paper and drain 
into the tray. The excess buffer remaining the lower 
edge the paper removed blotting with dry filter 
paper. The paper inverted and the saturation process 
repeated. found that with practice this manipulation 
can performed that the electrolyte fronts meet the 
starting line and very little distortion the spots occurs. 

The saturated paper laid the thread grid that 
each end overlaps (approx. and rests the two 
electrolyte wick papers. The surfaces adhere well together 
and form satisfactory electrical connexion. The cooling 
rack lowered into place, the temperature regulator in- 
serted, the glass lid restored and the appropriate potential 
difference applied across the electrodes. 

When ionophoresis follows chromatography the paper 
marked pencil the same way described above. The 
mixture applied point the starting line cm. 
from one edge, and chromatographed along this axis. After 
drying, the paper saturated with electrolyte described 
above and the ionophoretic separation performed the 
second dimension. volatile electrolytes are used, the 
order performing the separations may reversed. 

Two-dimensional ionophoresis. The two starting axes are 
marked pencil the paper (40 cm. cm.) together 
with sets parallel guide lines described above. 
volatile buffer (e.g. acetic acid, ammonium acetate, 
ammonium carbonate, ethylamine acetate, trimethylamine 


Fig. Method marking the paper for the determination 
electrolyte flow. Sucrose applied the points 
marked with small circles. 
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acetate) the appropriate used impregnate the 
paper using the shorter guide lines. Ionophoresis along 
the longer axis carried out. The paper removed from 
the apparatus and dried first stream warm air and 
finally the oven. The dried paper reduced length 
The size strip which removed from either end 
the paper order leave the separated components the 
mixture the remaining square determined previous 
experiment. The paper impregnated with second buffer 
solution using the guide lines parallel the axis the 
first separation, and placed the thread grid the 
apparatus the usual way overlap electrolyte 
wick papers which have been increased the appropriate 
length. Ionophoresis carried out the second dimension. 

Experiments trace electrolyte movement during 
phoresis. The movement sucrose spots placed different 
sites the paper was followed during ionophoresis 
means determining the flow electrolyte the paper 
under variety experimental conditions. 

Two sheets Whatman no. paper (58 cm. cm.) 
were marked with longitudinal pencil lines spaced cm. 
apart. Lines right angles these parallels were drawn 
cm. intervals either side the centre axis shown 
Fig. The papers were saturated with electrolyte 
solution and placed, cm. apart, the grid the appar- 
atus with the ends resting the wick papers the same 
manner described above. few microlitres sucrose 
solution (5%, w/v) were applied from capillary pipette 
the mid-points the cross-lines (marked Fig. 2). 
After the papers were removed from the 
apparatus and dried current warm air. The sugar 
spots were developed spraying the paper with freshly 
prepared mixture equal volumes 0-2 (w/v) naphtha- 
resorcinol ethanol and (w/v) trichloroacetic acid 
water (Partridge Westall, 1948). The distance cm.) 
travelled each spot was measured and plotted against 
the distance cm.) the origin from the centre line. 

The potential gradient was determined measuring the 
voltage between points cm. either side the centre 
line with Avo Testometer. Resistances were determined 
with Mullard measuring bridge (type 7555). strip 
Whatman no. paper (58 cm. cm.) was saturated with 
electrolyte solution and placed between glass plates. The 
ends the paper were allowed dip into the electrode 
vessels the apparatus, which had been removed for this 
purpose. The levels the electrolyte the vessels were made 
coincide with lines drawn across the paper distance 
cm. apart. The cross-sectional area the electrolyte 
the paper was determined weighing the papers before 
and after saturation. The weight electrolyte obtained 
was divided the density the solution and the length 
paper. 

Separation amino-acids 

Amino acids. Commercial samples amino acids 
(British Drug Houses Ltd. Roche Products Ltd.) were 
used without further purification. Stock solutions mg./ 
ml.) were made Monoiodotyrosine and tri- 
iodothyronine were prepared the methods Pitt- 
Rivers (1956) and Gross Pitt-Rivers (1953). 

Electrolytes. The solutions used were: 
borate acid (pH 2-0); ammonium 
acetate soln., prepared adding aq. soln. 
0-025 acid 9-2. The solution was stored 
glass-stoppered bottle. 
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Ninhydrin reagent. Ninhydrin (0-5%, w/v) 
acetic acid (1:1, v/v) was used. 

Solvent system. 2N-NH, 
(4:1:5, v/v) (Gross Leblond, 1951) was used. 

Details procedure. Two-dimensional ionophoretic 
separations are carried out with the origin point 
20cm. from the centre line drawn longitudinally 
across the middle the paper (58 cm. Separa- 
tion carried out the first dimension acid 
soln. and with the paper placed the apparatus that the 
origin nearer the anode. potential difference 
applied across the electrodes for hr. 
(overnight). After drying the paper, parallel pencil lines 
are drawn cm. the anode side the shorter starting 
line and the cathode side. The end pieces are 
removed from the paper and the remaining square 
saturated with the borate solution, ammonium acetate 
solution placed the grid the apparatus that the 
starting line for the second separation the centre. The 
wick papers from the electrode vessels are extended the 
appropriate length. Ionophoresis carried out overnight 
with applied voltage 230v After drying, 
the paper sprayed with the ninhydrin reagent. The usual 
characteristic coloured spots show after heating for 
min. the oven 110°. 

The iodo-amino acids are separated ascending chro- 
matography with the soln. 
solvent system, followed ionophoresis 
the electrodes for The starting line for the iono- 
phoretic separation cm. nearer the cathode from 
the centre the paper. 


Separation N-acetyl amino acids 


N-Acetyl amino acids. Samples these compounds were 
prepared according the methods Synge (1939) and 
Gordon, Martin Synge (1943). Stock solutions mg./ 
ml.) were made soln. (1:1, v/v). 

solvent. Liquid phenol 
B.P. (550 ml.), absolute ethanol (100 ml.) and benzene 
(100 ml.) were mixed, giving one phase. 

Ethylamine acetate buffer. acid soln. was 

Bromocresol-green solution. Bromocresol green (British 
Drug Houses Ltd.) (0-1 g.) was dissolved 11. 
acetone which ml. (w/v) formaldehyde solution 
had been added. 

Details procedure. Ascending chromatography was 
carried out the solvent 
system overnight 25°. previous equilibration the 
paper with the solvent was found necessary. Iono- 
phoresis was carried out ethylamine acetate buffer 
cm.) applied across the electrodes. The starting line was 
placed cm. nearer the cathode. The paper was dried 
current warm air, followed hr. the oven 100° 
remove much the remaining traces the ethyl- 
amine acetate possible. The dried paper was allowed 
stand atmosphere formaldehyde glass tank for 
2hr. The N-acetyl amino acids were shown yellow 
spots against blue background the dipping technique 
Jepson Smith (1953), with the bromocresol-green 
indicator solution. The spots take the colour the 
background rapidly, although the use formalin the 


indicator solution arrests this process long enough 
mark the areas pencil. 

Attempts carry out the separations the reverse 
order were unsuccessful owing the difficulty removing 
from the paper the last traces ethylamine acetate, which 
appeared interfere with the chromatographic separation. 

RESULTS 
All movements and measurements occurring the 
direction the anode are designated positive 
and those occurring the direction the cathode 
negative. 
Kunkel Tiselius (1951) have shown that, owing 
the intricate channelling liquid that exists 
the paper, distances measured the 
surface not represent the true distance 
voltage drop the true distance (d’) travelled 
dissolved particle through the paper. The factor 
which the resistance the paper, the cross- 
sectional area the liquid channel and the 
tivity the electrolyte. For Whatman no. paper, 
the value for was found 0-61. Values sol 
potential gradients given this section are 
measured the surface the paper (i.e. v/l). 
Movement electrolyte the paper thi 
site the paper. Fig. shows the for 
curves obtained when the displacement cm.) bel 
during constant time plotted against the 
Distance of origin from 3. 
Distance of origin from 
central line towards 
the cathode (cm.) “=O 
Fig. 
el 
ce 
Fig. Variation displacement sucrose spots due 
electrolyte flow with distance the origin from the 
central line. Horizontal scale: distance origin from 
central line Vertical scale: displacement spots 
Curve (@), M-acetic acid; curve 
Conditions the experiment are those given the tex! 
for the routine separations. 
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distance the original site from the 
central line sucrose applied the paper and run 
electrophoretically described the Experi- 
mental section. The net displacement all sucrose 
spots applied sites other than the central axis 
towards the middle line. This movement 
electrolyte from the electrode vessels occurs owing 
the evaporation water from the surfaces the 
paper. The straight-line plots Fig. show that 
this movement proportional the distance 
Sucrose applied the central axis the paper 
displaced all cases towards the cathode. This 
movement due endosmosis. 

The equation for the movement the electro- 
(1) 
where and are constants. 

Effect applied heating load. The slope the 
the movement the electrolyte caused the 
heating effect the current passing through the 
solution. This flow electrolyte reduced 
increased cooling shown the decrease slope 
the curves Fig. with decrease temperature 
cooling water. was not possible arrest 
this movement completely cooling methods, 
for routine separations moderate cooling 
below room temperature was adopted. 

Fig. shows the plots different periods 
time for sucrose movement 
borax under standard conditions applied voltage 
and cooling. Although sucrose forms complex ion 


Displacement 

spots towards 
the anode (cm.) 


Distance of origin from TS Distance of origin from 
central line towards the central line towards 
cathode (cm.) 4° the anode (cm.) 
73 
ra) 


Fig. Variation displacement sucrose spots due 
electrolyte flow with distance the origin from the 
central line under different cooling conditions. Hori- 
zontal scale: distance origin from the centre line 
Vertical scale: displacement spots cm.). 
Curve 1 (0), cooling water at 1° below room temper- 
ature; curve (A), cooling water below room 
temperature; curve (@), cooling water 10° below 
room temperature. All experiments were conducted 
acetate with applied potential 
for hr. 
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borax solution and will show its own constant 
mobility towards the cathode these experiments, 
this movement appears only the second term 
equation The slope the lines Fig. still 
measure the flow electrolyte due the 
applied heating load (w, 

the distance the sucrose from the 
central line the paper time then 


(2) 
and substituting equation 
(3) 


The results shown Fig. and Table show 
that the flow electrolyte due the applied 
heating load linear function time and that 
the rate this movement directly proportional 
the amount heat energy (w) dissipated the 
paper. The value the rate movement/unit 
applied heating load tw=a] shown 
Table constant irrespective the electro- 
lyte saturating the paper and with the apparatus 
used here has mean value 0-025 cm./hr./ 

The flow electrolyte due the applied heating 
load thus equal em. 


the anode (cm.) 


N 


Distance origin from 
central line towards 
the cathode (cm.) 


w 


Displacement spots towards 


Distance origin from 

towards 
the anode (cm.) 


t 


fe) 


Displacement 
towards the 


an w 


Fig. Variation displacement sucrose spots due 
electrolyte flow with distance origin from the central 
line, during ionophoresis 0-025 under standard 
conditions applied voltage and cooling for different 
14hr.; 17hr.). Horizontal scale: distance 
origin from the central line Vertical scale: 
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Effect endosmosis. The second term equation 
relates the movement electrolyte due 
endosmosis. Table gives the values for different 
electrolytes. The movement towards the cathode 
all the cases studied and given Cvt, where 
and the applied 
potential gradient. 


Values 


Time (hr.) 
Fig. Values obtained from the slopes the 
curves Fig. plotted against time 
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Calculation. Consider the movement charged 
ion with mobility placed the 
centre line the paper under applied potential 

Equation for the electrolyte displacement may 
written 
The speed electrolyte flow 

The net mobility the charged ion the paper 
Uv+da/dt 


(6) 
Solving equation (6) 
when then K=0, and 
vt 
Cut 


the charged ion starts point from the 
central line, then equation when 
and and equation becomes 

From equation and 


(10) 
(11) 


Table Effect applied heating load the electrolyte flow the paper 


Symbols are those used the text. The values for are calculated from the values (area 


n-Acetic acid 4-90 9-7 1-48 0-358 0-022 
acetate 20-1 8-19 0-430 0-126 0-016 
Table Mobility electrolyte due endosmosis 
Symbols are those used the text. 


/ 
1-4 
0-4 
0-1 


(4) 


(cm.) 


Arginine 


(found) 


(calc.) 


Proline 
(found) 


(cm.) 


Lysine 


(found) 
(cm.) 


(cm.) 
10-6 


Aspartic acid 


(cm.) 


Symbols are those used the text. 
10-1 


(calc.) 


under various experimental conditions with the values obtained calculation 
(cm.) 


tal conditions 


Table Comparison the displacements amino acids filter paper saturated with 
xperimen 
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3-07 
3-07 
1-54 
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and have the same sign, i.e. the charged 
ion starts distance cm. from the centre line 
the same side the electrode towards which 
will migrate, then equations and hold for all 
values and are contrary sign (e.g. the 
separation amino acids acid buffer and the 
separation N-acetyl amino acids ethylamine 
acetate), then equations and hold only for 
movement from the origin the centre line. 
Movements beyond this point are governed 
equations and 

Table gives the displacements number 
amino acids run electrophoretic- 
ally under various conditions found experimentally 
and the corresponding values when calculated from 
equations and 

Consider the separation two ions with mobili- 
ties and placed the paper cm. from 
the central line and with displacements and 
respectively time hr. From equation 11, 
x,, and are the same sign contrary 
sign and 

(U,- Uy) vt 


(12) 
Thus the separation independent the site 
origin provided that movement does not proceed 
beyond the centre line. This borne out within 
experimental error the values for the displace- 
ments some amino acids 
starting the centre and points and cm. 
the cathode side the centre line given 
Table 

Fig. indicates the pattern obtained two- 
dimensional ionophoretogram made under the 
conditions given the Experimental section 
acid and The abbrevia- 
tions for the names the amino acids shown 
the figures are those used Brand Edsall 
(1947). 

Fig. gives the chromatographic separation 
the iodo-amino acids from number other amino 
acids NH, soln. solvent 
system and ionophoretically the 
other direction. The iodo-amino acid spots Fig. 
are filled black. Inorganic iodide ion moves off 
the paper during ionophoresis under the conditions 
described. 


Separation N-acetyl amino acids 


Fig. indicates the pattern obtained separat- 
ing mixture N-acetyl amino acids chromato- 
graphically 
followed ionophoresis ethylamine acetate 
solution described the Experimental section. 
Acetate ion runs well removed from the other 
components the mixture. 
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Symbols are those used the text. Experimental conditions: electrolyte, w=1-54 


hr. 


Displacement (cm.) 


Glutamic acid +18-8 
Methionine +1-0 +3-1 

Try 

Methionine 
sulphone Met Ley 


Ser 

Glu Methionine 


sulphoxide Hypro 


Asp 


Displacement towards the cathode (cm.) 


Displacement towards the anode (cm.) 


Fig. Two-dimensional ionophoretogram amino 
acids made under the conditions given the Experi- 
mental section. The abbreviations for the names the 
amino acids are those used Brand Edsall (1947). 


DISCUSSION 


Electrolyte flow the paper and its 
effect separations 


Under ideal conditions, with evaporation 
water from the electrolyte saturating the paper, 
there linear relationship between the distance 
moved charged ion particle during iono- 
phoresis, the time current flow and the potential 
gradient placed across the paper. the moist- 
chamber type apparatus these conditions rarely 
occur, although McDonald (1952) was successful 
with his water-jacketed apparatus filled with moist 
helium conduct the heat away from the paper. 
Mead (1955), using similar sugar-grid method 
that described above for the determination 
electrolyte flow during 
showed that the rate evaporation depends the 
difference between the temperature the paper 


Monoiodotyrosine Try 


soln. 


tyrosine “Ala 


Displacement towards the anode (cm.) 


Fig. Separation iodo-amino acids from other 
amino acids chromatography (vertical axis) 
NH, soln. and ionophoresis (hori- 
zontal axis) under the conditions 
described the text. The iodo-amino acids are shown 
filled-in spots. 


and that the film moisture the cover the 
apparatus. The evaporation from the free surface 
the paper and the consequent electrolyte flow 
could diminished cooling the glass plate 
which the paper rested, the apparatus described 
Mead (1955). The results shown Fig. 
indicate that evaporation reduced similarly 
the apparatus described here increased cooling, 
although total elimination this effect not 
practical. Durrum (1951) showed that the electro- 
lyte flow due evaporation occurs from each end 
the paper and that the rate decreases the 
buffer approaches the centre line. The results given 
the previous section indicate that this variation 
linear with respect the distance the point 
arrival the electrolyte from the centre line, 
the time current flow and the applied heating 
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load the paper. This relationship also inde- 
pendent the electrolyte used. 

The flow electrolyte from anode cathode 
due electro-endosmosis must also taken into 
account when measuring mobilities ions 
particles when considering whether ionophoresis 
can employed practical method separa- 


Acetate 
Cy.SO3H 
Asp 
16 Pro 
Ser Met Phe 
Lys 
Arg 


Displacement towards the anode (cm.) 


N 


benzene-phenol-ethanol-water 


Fig. Separation N-acetyl amino acids chromato- 
graphy (horizontal axis) 
water and ionophoresis acetate 
(pH under the conditions described the text. 


Displacement from the origin 
towards the cathode (cm.) 


Time current flow (hr.) 


Fig. 10. Variation displacement aspartic acid and 
threonine with time hr.). Conditions experi- 
ment: solvent, M-acetic acid; potential gradient, 10v/ 
cm.; Broken lines show the movement the 
spots the absence evaporation. 
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tion given mixture compounds. McDonald 
(1952) has shown that this effect more marked 
when the filter paper encased between glass 
plates immersed solvent than when 
freely suspended moist chamber. sug- 
gested that the are able travel through the 
water sheath surrounding the paper when 
freely suspended, whereas they have move 
through the intricate channels buffer the 
body the paper when encased between 
plates immersed solvent. 

The components mixture ions particles 
having only small differences mobility may have 
travel comparatively long distances before the 
separation spots the developed ionophoreto- 
gram sufficient for practical use. This separation 
obviously limited the length paper, and any 
additional movement electrolyte flow sets 
further limitation. offset this effect the mixture 
should placed the paper far possible 
from the electrode which the ions will migrate. 
Fig. gives illustration the separation 
aspartic acid and threonine. The straight lines 
show the movement these compounds without 
the evaporation effect. The shapes the curves 
reflect the decreasing accelerating effect evapora- 
tion movement far the centre the paper 
and the increasing retarding effect movement 
beyond this point. 

These disadvantages the moist-chamber 
apparatus due electrolyte flow can reduced 
some extent careful choice buffer. McDonald 
(1952) showed that the mobility compound 
increases with decreasing ionic concentration. The 
value the applied heating load lower for given 
voltage with buffers low ionic concentration. 

The patterns obtained the two-dimensional 
separations are similar those ob- 
tained Durrum (1951) and Mead (1955) and the 
order displacement the iodo-amino acids run 
(pH 9-2) the same that ob- 
tained Lissitzky (1954) with veronal buffer 
(pH 8-6). 


SUMMARY 


apparatus for two-dimensional paper 
ionophoresis for one-dimensional paper iono- 
phoresis followed paper chromatography 
second diménsion described. 

method for determining the flow 
electrolyte points the paper 
described. Equations expressing the relationship 
the flow electrolyte with experimental condi- 
tions potential gradient, duration current 
flow and the applied heating load are given. The 
effect this buffer the paper 
the separation mixtures ions charged 
particles discussed. 
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dimensional ionophoresis given. 

separation monoiodotyrosine, di-iodo- 
tyrosine, tri-iodothyronine and thyroxine from 
other amino acids and inorganic iodide ion 
described. 

one-dimensional paper ionophoresis followed 
one-dimensional chromatography also given. 

The apparatus was originally constructed and developed 
the Cereals Research Station, Albans, Herts, and the 
author grateful Moran, C.B.E., Director the 
Research Association British Flour Millers, for his en- 
couragement and Grindley for technical 
assistance. The application the apparatus the separa- 
tion N-acetyl amino acids was part research pro- 
gramme supported the British Empire Cancer Campaign 
and the author would like thank Professor Dickens, 
F.R.S., and Professor Roberts for their interest, and 
Beale for technical assistance. 
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Determination Amino Acids Double Isotope-dilution Technique 
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Radioactive tracers the form labelled reagents 
are proving more and more useful the micro- 
analysis compounds occurring biochemical 
materials. Keston and his co-workers successfully 
employed chloride labelled 
with either general reagent for action 
with amino acids. The simple form the quanti- 
tative tracer method originally used Keston, 
Udenfriend Cannon (1946, 1949) with 
labelled chloride requires 
the complete separation and recovery the 
derivatives. This disadvantage was overcome 
Keston, Udenfriend Levy (1947, 1950) 
adding known quantity the *S-labelled 
iodobenzenesulphonyl amino acid after the pre- 
paration 
derivatives the sample analysed. this 
double-tracer technique, value for the amount 
amino acid initially present could calculated from 
measurement the ratio for the purified 
derivative. This estimate was independent losses 
from the point procedure when the known 
amount labelled amino acid derivative was added. 

The main disadvantage applying this 
routine use the frequent preparation the 
chloride necessitated 


the comparatively short half-lives the labelling 
isotopes. was thought that acetic anhydride 
labelled with and would prove more satis- 
factory general reagent double-isotope- 
tracer methods. Avivi, Simpson, Tait White- 
head (1954) employed these reagents for the 
ation the groups hydrocortisone and 
aldosterone (electrocortine) the estimation 
these compounds human peripheral blood. This 
paper describes the extension the method the 
assay submicrogram quantities amino acids 
protein hydrolysates. 


EXPERIMENTAL 
Reagents 


anhydride. This compound was originally 
prepared heating inert acetic anhydride and anhydrous 
Under these conditions complete exchange groups 
take place. 

This reagent now obtainable from the Radiochemical 
stock solution the labelled reagent diluted with re- 
distilled inert compound specific activity 
m-mole was dissolved mg./ml.) redistilled toluene and 
stored glass-stoppered bottle. 
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Tritiated acetic anhydride. This compound was prepared 
from tritiated acetic acid produced the decarboxylation 
malonic acid which had been allowed exchange with 
tritiated water (Avivi al. 1954), follows: 

(a) The acetic acid was neutralized phenolphthalein 
with Water was removed vacuo and assayed 
for tritium. The residual sodium acetate, made anhydrous 
heating vacuo 200° for hr., was exchanged with 
inert acetic anhydride described for the preparation 
the compound. 

For the preparation reagent high specific 
activity, the tritiated acetic acid was divided into two 
equal portions. One portion was converted into acetyl 
chloride the method Cox Turner (1950) and the 
other portion rendered anhydrous (a). The acetyl 
chloride was distilled vacuo the anhydrous sodium 
acetate and the resulting acetic anhydride was distilled off 
vacuo. 

From 0-5 malonic acid and 0-2 ml. tritiated water 
containing 400 mc, yield labelled acetic anhydride 
(specific activity mc/m-mole) was obtained. 

stock solution tritiated acetic anhydride specific 
activity mc/m-mole redistilled toluene mg./ml.) 
was used for general analysis. 

N-Acetyl amino acids. Samples the N-acetyl deriva- 
tives naturally occurring amino acids were prepared 
the methods Vigneaud Meyer (1932), Synge (1939) 
and Gordon, Martin Synge (1943). Stock solutions 
mg./ml.) were made ethanol-aq. soln. 
(1:1, v/v) and stored glass-stoppered tubes. 

N-acetyl amino acids. These labelled deriva- 
tives were mostly prepared acetylating mg. the 
appropriate amino acid with “C-labelled acetic anhydride 
the manner described for acetylation the analytical 
samples. separate apparatus was reserved for these pre- 
parations. The inert derivative (100 mg.) was 
added and the solution passed through Zeo-Karb 225 
column. The effluent and washings were evaporated 
dryness vacuo and the material was recrystallized from 
the appropriate solvent. 

and 
ine were prepared heating 100 mg. the L-amino acid 
with 135 mg. anhydride (containing 
and 300 mg. acetic acid stoppered tube boiling- 
water bath for Water ml.) was added and the 
mixture evaporated dryness vacuo. The addition 
water and evaporation dryness was repeated twice. The 
residue was recrystallized from aqueous acetone. 

Stock standard solutions were made 
ethanol-aq. soln. (1:1, v/v) and stored glass- 
stoppered tubes the refrigerator. Portions (0-1 
0-2 ml.) giving counts/min. were used for 
the determination recovery factors the assay ex- 
periments. 

all these preparations the mixtures the amino 
acids were used except the N-acetyl derivatives 
glutamic acid, tyrosine, histidine and arginine, when the 
L-amino acids were used. 


Standardization tritiated acetic anhydride 


The equivalent specific activity the tritiated reagent 
was given determination the specific activity 
pure sample hydrocortisone acetate prepared with the 
labelled acetic anhydride (Avivi al. 1954). 
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Dry hydrocortisone mg.) was dissolved 0-1 ml. 
pyridine, and 0-05 ml. the tritiated acetic anhydride was 
added. The sterol acetate was purified column-partition 
chromatography with kieselguhr (Celite 545) and 
ml. (4:1, v/v) stationary phase 
light petroleum (b.p. (1:1, v/v) was used the 
mobile phase. Fractions ml.) were taken auto- 
matic-fraction cutter after the appearance the front, 
which was detected band Sudan red dye applied 
the column. The tube containing the maximum concen- 
tration sterol acetate (approx. ml. from the front) 
was evaporated dryness and the residue dissolved 
ethanol. The concentration this solution was determined 
measurement u.v. light absorption with Hilger 
Uvispek instrument 238 and measurement the 
density 410 the colour obtained the 
Silber reaction. Portions the solution were also evapor- 
ated dryness together with inert steroid silica boats 
for combustion and counting. 


Preparation samples for analysis 


Standard solutions mg./ml.) chromatographically 
pure amino acids were prepared water 0-1 with 
the addition few drops toluene preservative. 
Appropriate portions these solutions were taken for the 
preparation synthetic mixture having similar com- 
position the hydrolysate obtained from the fraction 
peptide oxidized insulin. 

sample fraction peptide was prepared from 
crystalline insulin (obtained from Boots Pure Drug Co. 
Ltd.) the method Sanger (1949). The material was 
acetate (pH 8-5) Whatman no. 3MM paper. 

sample purified chymotrypsinogen was kindly given 
Stanford Moore the Rockefeller Institute, New 
York. 

insulin and chymotrypsinogen were prepared heating 
100 sealed-capillary tubes with 0-1 ml. 
vacuo 105°. The hydrolysates were made ml. 
with water and suitable portions were taken for acetylation. 


Acetylation 


The apparatus used for acetylation the samples 
shown Fig. The sample ml.) placed tube 
which carries standard ground-glass joint for sub- 
sequent connexion high-vacuum manifold and tap 
its base facilitate transfer the reaction mixture the 
ion-exchange resin column. The tube cooled ice 
bath. The sample solution neutralized with 
and further 0-2 ml. the alkali added. solution 
(0-2 ml.) the tritiated acetic anhydride toluene 
pipetted through into the vaporizer tube which 
heated vapour from boiling flask refluxing 
from condenser The stopper replaced and 
steady stream nitrogen passed through the delivery 
tube which closed sintered-glass plate. The 
nitrogen carries the toluene and acetic anhydride vapour 
through the sample via the delivery tube which also 
closed sintered-glass plate. Five further additions 
0-2 ml. and 0-2 ml. the tritiated 
reagent are made. 
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Portions standard solutions acetyl 
derivatives (approx. and 6000-8000 counts/min.) 
the amino acids being assayed are added the acetylated 
sample. Tube removed from the apparatus and con- 
nected the joint high-vacuum manifold and the 
solution concentrated until all visible traces toluene 
are removed. 


Removal excess sodium acetate 


The solution, adjusted 5ml., passed through 
column Zeo-Karb 225 (particle 
size the acid condition. Sodium ions are retained 
the resin and the acetyl amino acids together with 
acetic acid pass into the receiver. Any active compounds 
remaining the resin are removed washing the column 
with soln. (1:1, v/v) until the darker- 
coloured front the resin reaches the bottom the 
column. The eluate evaporated dryness vacuo. 
Three additions 0-5 ml. 10% (v/v) acetic acid, followed 
evaporation dryness, are made dilute isotopically 
traces active free acetate remaining the residue. The 
residue dissolved 0-1 ml. soln. 


Acetylation apparatus. Lettering that used 
the text. 
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(1:1, v/v) and applied Whatman no. filter paper for 
chromatographic electrophoretic separation. 


Separation N-acetyl amino acids 


Solvent systems. (a) soln, 
(4:1:5, vol.) (two phases); (b) 
phenol (B.P.) vol.) (one phase); (c) ethyl 
(two phases). All solvents are used without 

Chromatography. The amino acids are separated 
two-dimensional paper chromatography with the 
appropriate pairs the solvent systems paper 
chromatography one dimension followed 
the second dimension (Whitehead, 1958). 

All chromatography carried out upward irrigation. 
The upper organic layer used the mobile phase 
solvent mixtures (a) and (c) and equilibration found 
necessary any the systems. The tanks for use 
solvents (a) and are kept thermostatically controlled 
box 25° and those for solvent (c) temperature- 
controlled room 18°. two-dimensional chromato- 
graphic separations solvent gives the best results used 
the second solvent. 

The completed chromatograms are dried current 
warm air, followed heating the oven 100° for 
min. The separated N-acetyl amino acids are shown 
yellow spots blue background dipping the paper 
into solution bromocresol green acetone (100 
which has been rendered blue the addition drop 
morpholine. When histidine arginine being assayed the 
chromatogram should dipped neutral indicator 
solution, when the derivatives these compounds 
show blue spots yellow background. The spots 
the chromatograms should ringed pencil 
mediately after development rapid fading frequently 
occurs owing traces NH, present the atmosphere 
the laboratory. 


Measurement radioactivity 


The areas paper (approx. 1-2 containing the 
labelled N-acetyl derivatives the amino 
assayed are cut out from the developed chromatograms and 
burnt stream the empty combustion-tube 
method (Ingram, 1948). The CO, and water are trapped 
liquid 1952). The water held the traps 
with baths solid CO,-ethanol, the CO, frozen into gas 
counters and the content measured the technique 
Brown Miller (1947) with em. pressure CS, and 

The water transferred zinc-filled generator 
(Avivi al. 1954) heated 400° and the produced 
pumped automatic Toepler pump into gas counters. 
The content was measured the technique Faltings 
(1953) with pressure mm. toluene vapour and 

The counters used both assays were 
capacity with graphite cathodes diam. slight 
memory effect occurred with the 
counters used for tritium counting after about analyses. 
After the grease had been cleaned from the tap and the 
counter left open the air for hr. the oven 100°, 
this contamination could removed. 
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RESULTS 


Figs. and show the two-dimensional chromato- 
grams obtained with mixtures N-acetyl amino 
acids when run NH; 
and ethyl acetate—meth- 
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Fig. Two-dimensional chromatogram N-acetyl amino 
acids run (vertical 
axis) and NH, soln. (horizontal 
axis). The broken line indicates the area giving high 
paper blanks owing tritiated acetate ion. The abbrevi- 
ations for the names the amino acids are those used 
Brand Edsall (1947). 
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Fig. Two-dimensional chromatogram N-acetyl amino 
acids run (vertical 
axis) and ethyl acetate-methanol-aq. NH, soln. (hori- 
zontal axis). The broken line indicates the area giving 
high paper blanks owing tritiated acetate ion. 
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NH, soln. The abbreviations for the 
names the amino acids shown the figures are 
those used Brand Edsall (1947). The chro- 
matographic pattern obtained with given pair 
solvents constant, although the actual values 
may vary considerably. number markers 
are run simultaneously this variation presents 
difficulty. Traces tritiated acetate remaining 
the sample when applied the paper may 
found the completed chromatogram extending 
over wide area but usually restricted within the 
areas indicated the dotted lines the figures. 
High results may obtained consequence 
this ‘paper’ blank the assay glutamic acid, 
serine and threonine. Occasionally, the contami- 
nated area may spread include glycine, alanine 
and tyrosine. These amino acids may deter- 
mined separating the N-acetyl derivatives 
chromatography, followed paper electrophoresis 
when the active impurity removed from the 
vital area the paper. Aspartic and glutamic 
acids are also determined this way, the 
acetyl derivatives are not completely separated 
chromatography alone. satisfactory method 
has yet been found for the separation 
histidine and N-acetylarginine the separation 
the N-acetyl derivatives the leucine isomers. 
Table shows the results obtained analyses 
synthetic mixture containing total weight 
1-6 nine amino acids. The reproducibility 
the method shown Table where the results 
several separate analyses the synthetic 
mixture made for leucine, glycine and glutamic 
acid content are given. general the method 
appears give values with accuracy 5%. 
The analysis mixture was done before the 
paper-electrophoretic separation the N-acetyl 
amino acids was developed, and the high results 
obtained for tyrosine and acid were due 
high paper blanks caused traces tritiated 
acetate ion. The high result for valine was due 
some active impurity the standard acetyl 
derivative which was subsequently removed 
recrystallization. Normal values for the recovery 
valine and tyrosine were found (Table the 
analysis mixture (containing the same amino 
acids mixture but different proportions and 
analysed only for the four amino acids given 
Table 3). The separation this case was done 
the technique. 
One the main sources error the isotope- 
dilution technique caused the random nature 
radioactive disintegration. The probability 
the observed counts being the correct value 
dependent the total number counts recorded. 
the method described here the final result 
depends three activity measurements, namely 
the added acetyl amino acid count and 


) Gly 
Asp 
for 
the 
itor 
nds 
ots 
im- 
itly 
ere - - — “a 
Va 
and Met 
ube 
Ala 
‘aps 
and 
i | Ser 
itor Glu 
ers. Asp 
ngs 
and 
ght 
the 
the 


666 
the and activities the paper-chromato- 
gram spot. The combined counting errors for each 
amino acid determination the synthetic mixtures 
are given Tables and 

The analyses hr. hydrolysates from 
the fraction peptide oxidized insulin, whole 
insulin and chymotrypsinogen for number 
amino acid residues are given Table Good 
general agreement was obtained between the 
experimental figures and the values calculated 
from formulae (Sanger, 1953; Ryle, Sanger, Smith 
Kitai, 1955) for the fraction peptide and whole 
insulin. Similar values those obtained other 
workers using different methods analysis were 
found for chymotrypsinogen. The high value 
obtained for glutamic acid the analysis 
fraction peptide may include 
portion the glutamine residues present 
residues/mol.). The glutamine present whole 
insulin would appear have been destroyed the 
hydrolysis, the glutamic acid value for this 
protein close the calculated figure. The 
asparagine present insulin has been estimated 
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aspartic acid. The amount aspartic acid appear. 
ing the fraction hydrolysate was not 
mined. 


DISCUSSION 


The sensitivity any microanalytical method 
limited the amount blank background 
material the final measurement. the tracer 
technique only those impurities which react with 
the labelled reagent and are subsequently not 
separated from the required derivative can contri- 
bute blank values. Thus contrast with methods 
involving inert reagents unnecessary use 
highly purified solvents chemicals the pro- 
cedures following the preparation the labelled 
derivative. The sensitivity the tracer technique 
also limited the activity the labelled 
reagent. The tritiated acetic anhydride used the 
analysis the protein hydrolysates had 
acetyl amino acid gives, under our conditions, 
000-50 000 counts/min. can assumed that 
the ultimate practical sensitivity the amount 


Table Analysis synthetic mixture 


Standard Recovery 
Amount Amount counting counts 
Amino acids added found Diff. error added 
Leucine 0-16€ 0-165 -—0°6 +18 16 
Valine 0-221 0-240 +86 +16 14 
Alanine 0-188 0-186 
Tyrosine 0-135 0-150 +11-1 +3-0 14 
Serine 0-131 0-140 
Aspartic acid 0-133 0-139 +1-7 
Glutamic acid 0-205 0-234 +12-0 
Cysteic acid 0-207 0-197 +1-7 


Table Reproducibility analysis synthetic mixture for three amino acids 


Amount found 


Amount 
added 
Leucine 0-166 0-172, 0-165 
0-166, 0-183 
0-172, 0-170 
Glycine 0-247 0-264, 0-231 
0-236, 0-234 
Glutamic acid 0-205 0-236, 0-234 1-4 
0-232 
Table Analysis synthetic mixture 
Amount Amount Standard 
Amino acids added found Diff. counting error 
Leucine 0-663 0-678 
Valine 0-299 0-295 +1-0 
Alanine 0-128 0-124 
Tyrosine 0-524 0-497 
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Table Analyses amino acid residues fraction peptide oxidized insulin, 
insulin and chymotrypsinogen 
(a) Composition was calculated from formula (Sanger, 1953). (b) Experimental values were obtained alternative 
methods (Tristram, Composition was calculated from formula (Ryle. Sanger, Smith Values 
were obtained microbiological assay (Lewis, Snell, Hirschmann Fraenkel-Conrat, Values were obtained 
column chromatography (Cohen Wilcox, 1954). 


Fraction peptide oxidized insulin 


Amount Cale. amount 
Amount found present (a) 
found (g./100 (g./100 
Amino acid protein) protein) 
Leucine 16-7 16-0 
Valine 0-178 8-9 9-5 
Alanine 
Tyrosine 0-310 14-7 
Glycine 0-078 3-9 
Serine 0-178 8-9 8-6 
Asparagine 10-7 
Glutamine 11-6 
acid 0-417 20-7* 11-7 
Cysteic acid 0-584 29-2 
Whole insulin 
Amount Amount Cale. amount 
Amount found found present 
found (g./100 (g./100 (g./100 
Amino acid protein) protein) protein) 
Leucine 0-322 16-1 16-0 16-0 
Valine 0-240 12-0 10-2 
Alanine 0-098 4-9 4-7 
Tyrosine 0-266 13-0 
Serine 0-114 5-2 
Aspartic acid 0-126 6-8 
acid 0-212 10-6 18-6 10-3 
Phenylalanine 0-180 9-0 8-7 
Proline 0-046 2-0 
Lysine 0-054 2-7 2-6 
Chymotrypsinogen 
Amount Amount Amount 
Amount found found (d) found (e) 
found (g./100 (g./100 (g./100 
Amino acid protein) protein) protein) 
Leucine 13-3 13-8 
Valine 11-7 10-3 9-9 
Tyrosine 0-054 2-7 2-7 
Serine 0-204 10-2 10-9 11-9 
Aspartic acid 0-212 10-6 10-9 11-0 
Threonine 0-204 10-2 10-7 10-4 


This value probably includes glutamine (see text). 
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amino acid derivative which has activity equal 
the background count (50 counts/min.). With 
the tritiated acetic anhydride used this work 
the value would yg. 

advantage the tracer method the inde- 
pendence results losses procedures following 
the addition the labelled amino acid derivative, 
provided that enough derivative remains for the 
final counting. the present method these losses 
amount 15-20% the Zeo-Karb 225 column 
and 30-40% each chromatographic separation. 
Final recoveries varied between about and 
according the amino acid, and the values ob- 
tained the analysis synthetic mixture are 
given Table Other methods depend 
series control experiments for estimate 
recovery and this estimate generally average 
value. The automatic correction for losses the 
double-tracer method allows the use highly 
effective but wasteful purification procedures. 

Although the tracer method does not demand 
the quantitative recovery the labelled derivative, 
the reaction with the labelled reagent must 
completion and the separated compound must 
isotopically pure. The purity the derivative can 
survey the isotope ratios obtained the final 
separation procedure. With paper chromatogram 
the appropriate spot may cut into two more 
portions and each portion assayed. for radioactivity 
separately. the material pure, the ratio 
for each determination will constant. 

The results obtained this work indicate that 
the method often capable accuracy 
2-3% and usually not more than 5%. With 
improved techniques separation even higher 
order accuracy should achieved. Tristram 
(1946) has pointed out that, when the values are 
required for the estimation the number 
residues amino acids the protein molecule, the 
maximum permitted variation +0-4/n, where 
the number residues the amino acid 
question. would appear that the tracer method 
should give the required accuracy little 
protein the majority experiments 
(i.e. when 10-20). 


SUMMARY 


double isotope-dilution method analysis 
for the determination amino acids protein 
hydrolysates obtained from small samples 
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proteins with acetic anhydride labelled with 
and described. 
The method has been applied synthetic 


mixtures amino acids and the hr. hydro. 


lysates obtained from two proteins 
known composition, namely the fraction peptide 
oxidized insulin and whole insulin. 

Values are given for the analysis 
trypsinogen and these are compared with the 
results obtained microbiological assay and 
column chromatography. 

This work was part research programme supported 
the British Empire Cancer Campaign, and the author 
would like thank Professor Dickens, F.R.S., and 
Professor Roberts for their interest. Thanks are also 
given Beale for his invaluable technical assistance. 
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The Reaction Pentoses with Anthrone 


BAILEY 
Plant Chemistry Laboratory, D.S.I.R., Palmerston North, New Zealand 


(Received September 1957) 


Since Dreywood’s (1946) original report the re- 
action hexoses with anthrone strong sulphuric 
acid has been widely used method for deter- 
mining trace amounts these sugars and their 
polymers (e.g. Trevelyan Harrison, 1952; Roe, 
1954, 1955; Carroll, Langley Roe, 1956). 
According Sattler Zerban (1948) pentoses and 
methyl pentoses should react with anthrone 
similar manner. Shriver, Webb Swanson (1950) 
and Kohler (1952, 1954) reported that whereas the 
reaction was suitable for determining the methyl 
pentoses and the colours 
produced pentose sugars were very unstable 
heat. Bridges (1952) attempted overcome the 
instability the complex 
using very short heating time (10sec.). 
developed method. for determining pentoses with 
anthrone, but colour fading likely occur unless 
the prescribed conditions are rigidly followed. 

result these reports has been assumed 
that the anthrone reaction not particularly 
suitable for measuring pentoses (e.g. see Ashwell, 
1957). Unless they are present very high concen- 
tration has also been implied that pentoses will 
not interfere determinations. 

all the work reported pentoses, and 
generally with hexoses, from 10mg. 
anthrone was mixed with 20-150 sugar. The 
final acid concentration the reaction was between 
and 66% (v/v). Jermyn (1955) reported satis- 
factory results measuring hexoses with reagent 
containing only (w/v) anthrone 70% 
(v/v) sulphuric acid. this case only 
anthrone was mixed with sugar 
final acid strength 63% (v/v). Jermyn (1956) 
also reported that room temperature this 
reagent slowly produced colour with pentoses and 
Much more colour was produced under 
these conditions hexuloses, but practically none 
aldohexoses. With Jermyn’s (1955) experi- 
mental conditions found that pentoses reacted 
manner which was quite different from that 
described Kohler (1952). Strong greenish-blue 


colours were produced which appeared 
stable heat those produced and 
L-rhamnose. 

Although several methods are available for 
determining pentose sugars, was thought that 


adaptation the relatively simple anthrone 
method for pentose estimations would value. 
The reaction pentoses with anthrone has there- 
fore been reinvestigated. The present paper reports 
the results obtained with and 
arabinose and Results for and 
the pentose L-rhamnose are included for 
comparative purposes. result this work 
rapid and easy method for measuring pentose 
sugars with anthrone has been developed and 
described. 


EXPERIMENTAL 


Sugars. The sugars used were D-xylose, and 
arabinose, L-rhamnose and All 
them were shown chromatographically pure the 
usual solvent techniques and sprays (Partridge, 1949; 
Trevelyan, Procter Harrison, 1950). After vacuum 
drying each sugar 61° standard solution was pre- 

Anthrone reagent. Anthrone (5-50 mg.) was dissolved 
which was prepared adding concentrated acid 
(70 ml.) water All anthrone solutions were 
aged for least hr. and were discarded after hr. They 
were kept 0°. The slight variations between the different 
sets results reported are due the instability an- 
throne H,SO, and the resulting variation the com- 
position the reagent. Such variations are normally 
allowed for hexose determinations including 
standard sugar solution each batch analyses. 

Reaction anthrone and sugar. Portions the sugar 
solution (0-2-1 ml.) were pipetted into large boiling tubes 
(20 mm.) and diluted ml. with water where 
necessary. Each tube was placed bath cold water 
and agitated whilst anthrone reagent (10 ml.) was slowly 
added. The tubes were stoppered and, after their contents 
were thoroughly mixed, transferred vigorously boiling 
water bath for the specified time. They were then placed 
cold-water bath and stored the dark for min. 
before the colour produced was measured. blank con- 
sisting water ml.) and anthrone reagent (10 ml.) was 
included each batch analyses order eliminate 
colour effects due the anthrone. 

The optical densities the coloured solutions were read 
Beckman model spectrophotometer with cells 
thickness. The bluish-green solutions produced 
hexoses and the greener solutions the pentoses have 
absorption maximum and this wavelength 
was therefore used. The usual precautions were taken 
throughout the analyses keep the reacting solutions 
dust-free. 
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RESULTS 


Effect anthrone concentration the reaction. 
Samples ml.) each sugar solution were treated 
with series anthrone reagents containing 
(w/v) anthrone the 70% (v/v) 
sulphuric acid. Preliminary work with 
(w/v) anthrone had shown that good colour was 
obtained from pentoses after heating for min. 
This time heating was therefore used. Jermyn 
(1955) used heating time 7-5min. when 
determining hexoses under similar conditions. 

The results obtained for each sugar are shown 
against the anthrone concentration the acid 
reagent. The curves obtained for 
arabinose and are all the same type, 
with maximum about (w/v) an- 
throne. They are strikingly different, however, 
from the curves obtained for and 
rhamnose. appears that excess anthrone 
rapidly destroys the greenish-blue colour produced 
the pentoses. Maximum colour production 
obtained from pentoses when only 
anthrone reacts with sugar. Previous 
workers used from five ten times much 
anthrone. 

all subsequent work with pentoses anthrone 
concentration 0-01% (w/v) the acid reagent 
was used. With and L-rhamnose optimum 
results are obtained with (w/v) 


my) 


Concn. anthrone 
(mg./100 ml. 70% (v/v) acid) 


Fig. Effect anthrone concentration the optical 
density the coloured solution produced from 100 yg. 
sugar after min. 100°. L-arabinose; 
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anthrone. anthrone concentration 0-02% 
(w/v) was used, however, this level the colour 
produced was within the range colour intensity 
given the pentoses and provided suitable 
comparison. can seen from Fig. that 
anthrone concentration not nearly critical 
determining hexoses with pentoses. 

Effect acid concentration the reaction. 
Anthrone reagents containing (w/v) 
anthrone sulphuric acid, which ranged from 
75% (v/v), were allowed react with the 
pentoses ml.) under standard conditions. Maxi- 
mum absorption was obtained with 
70% (v/v) acid. Typical extinction values for 
were: with 65% acid, with 70% 
acid, with acid, 0-37. The weaker acid 
appeared produce less the colour 
and the stronger acid produced distinctly 
yellower colour. The acid strength the reagent 
was therefore standardized 70% (v/v), giving 
reaction mixture which was (v/v). 

Effect heating time the colour 
Experiments were carried out with each sugar 
(100 and its appropriate anthrone reagent for 
different lengths time the boiling-water bath. 
The results obtained with p-xylose, D-ribose and 
D-glucose are shown Fig. plot optical 
density against time 100°. gave 
curve which was almost identical with that ob- 
tained with p-glucose, and L-rhamnose with that 
for p-xylose. With all sugars maximum colour 
formation was obtained within min. heating, 
followed very gradual fading. heating time 


my) 


Time 100° (min.) 

Fig. Effect heating time the optical density the 
coloured solution produced from sugar. 
(O) and (@) with 0-01% (w/v) 
anthrone reagent, and with 0-02% (w/v) 
anthrone. 
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7min. thus satisfactory for determining 
pentoses well hexoses, provided that the 
correct anthrone concentration used. 

Absorption spectra the developed colours. The 
absorption spectra for the coloured solutions pro- 
duced L-rhamnose and D-glucose over 
the wavelength range 400-680 and with the 
optimum conditions defined above, are shown 
Fig. and gave spectra 
which were identical with that 
each there absorption maximum 625 
and this wavelength may used for all analyses. 
The change from the clear-blue colour produced 
the greener colours formed 
pentoses related the second absorption 
maximum the region. 

Standard method for determining pentoses with 
anthrone. The standard conditions for determining 
pentose sugars may now defined follows. 
Anthrone reagent (10 ml.) containing (w/v) 
anthrone 70% (v/v) sulphuric acid added, 
with cooling, the sugar ml.), which 
contains sugar. After heating for 
min. 100° and cooling for min. the extinction 
measured. Concentration curves ob- 
tained with D-xylose, L-arabinose and D-ribose are 
given Fig. (a). Results with were 
identical with those for L-arabinose. For com- 
parison the concentration curves obtained with 
For these two last-named sugars anthrone con- 
centration was increased 0-02 (w/v) the acid 
and the other conditions the same. 
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can seen that the colours produced are pro- 
portional the concentration pentose and may 
used for estimating these sugars, least the 
range 


x 


625 


500 600 700 


500 


Evers mz) 
o 
w 


2 


625 


500 600 
Wavelength (mz) 


400 700 


Fig. Absorption spectra the coloured solutions pro- 
duced 100 sugar after heating with anthrone for 
anthrone reagent; and (A) 
with 0-02 (w/v) reagent. 
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(625 my) 


sugar 


(b) 


10 20 30 40 50 60 70 80 90 100 


sugar 


Relationship sugar concentration optical density after reaction with anthrone reagent for min. 


Anthrone, 70% (v/v) acid. 


Anthrone, 70% (v/v) acid. 
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Reaction polymers with anthrone. 
Hexose polymersare readily hydrolysed thestrong 
acid and then react with anthrone give the 
normal colour (Morris, 1948; Roe, 1954). Pentose 
polymers might expected the same. 
Unfortunately samples xylose and arabinose 
polymers were not available for testing. The only 
ribose polymer available was sample 
yeast nucleic acid (British Drug Houses Ltd.; 
‘laboratory grade’). With the standard conditions 
for pentoses this material (100 gave greenish- 
blue colour equivalent 27% 
lated for pure yeast nucleic acid, ribose). 


DISCUSSION 


According Sattler Zerban (1948) the anthrone 
reaction dependent the conversion the 
sugars acid into furfuraldehyde derivatives, 
which then react with the anthrone. Shriver al. 
(1950) demonstrated that such mechanism was 
fact involved. this case p-glucose would pro- 
duce hydroxymethylfurfuraldehyde, 
methylfurfuraldehyde and the pentoses furfuralde- 
hyde. The present work suggests that the reported 
instability the pentose colour due mainly 
the presence excess anthrone. possible 
that there reaction between the furfuralde- 
complex which formed and 
excess anthrone, produce yellow colour- 
less compound. The methyl group present the 
furfuraldehyde derivatives hexoses and methyl 
pentoses may prevent considerably slow down 
such reaction. 

The postulated decoloration the coloured 
complex seems dependent the absolute 
concentration the excess anthrone rather than 
the relative amounts anthrone and pentose 
initially present. Fig. shows that with de- 
creasing concentrations pentose, 
increasing relative amounts anthrone, colour 
production remains proportional sugar concen- 
tration, presumably colour destruction 
occurring. more detailed investigation the 
mechanism the reaction between pentoses and 
anthrone would possibly explain this effect con- 
centration. 

Provided that the correct anthrone concentration 
the final reaction mixture used, pentoses may 
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easily determined the anthrone reaction. 
the colour relatively stabie heat, special 
precautions, other than those used for hexoses, are 
necessary. Under the conditions used most 
authors for determining hexoses, pentoses will not 
normally produce much colour, although 
pentoses will so. With Jermyn’s (1955) experi- 
mental conditions, however, 
ference from pentoses will encountered. 


SUMMARY 


The reaction the pentoses D-xylose, and 
and with anthrone has been 
investigated. 

these sugars has been shown primarily 
dependent the concentration anthrone. 
Excess anthrone appears destroy the colour 
rapidly. 

The conditions for determining 
sugars the anthrone reaction have been defined. 


The assistance Miss Michael the experimental 
work gratefully acknowledged. 
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Effect Amino Acids Anaerobic Phosphate-Exchange Reaction 
Escherichia coli 
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(Received September 1957) 


Certain nucleotides, particularly adenosine mono- 
and di-phosphates, can stimulate amino acid de- 
(Eggleston, 1957). has 
whether these nucleotides take part any reactions 
when they increase the activity the 
ases. Among the reactions tested was the incor- 
poration inorganic phosphate into adenosine 
triphosphate during amino acid decarboxylation. 
Experiments are described this paper which 
show that number amino acids, particularly 
those undergoing decarboxylation, can increase 
the rate phosphate incorporation into adenosine 
triphosphate. 


MATERIALS 


buffers were made according Gomori (1955); the was 
measured with glass electrode after dilution concen- 
trations used experiments. Pyridoxal phosphate was 
supplied Merck and Co. Inc., Rahway, N.J., U.S.A. 
HCl-hydrolysate casein was prepared according 
Barton-Wright (1952); the HCl was removed evapora- 
tion vacuo. 

Nucleotides. The purity these was examined the 
paper chromatographic method Krebs Hems (1953); 
analyses are given percentages. Adenosine 5’-phosphate 
(AMP) was obtained from Zellstoff-fabrik, Waldhof, Wies- 
baden, Germany, and was found free other phos- 
phate-containing compounds. Adenosine diphosphate 
(ADP; barium salt), supplied Schwarz Laboratories 
New York, N.Y., U.S.A., was also found 
chromatographically homogeneous. preparations 
adenosine triphosphate (ATP) were used: sodium salt 
from Schwarz Laboratories |ATP (Schwarz)] contained 
86% phosphorus ATP, ADP and the rest 
inorganic phosphate; sodium salt preparation from 
Waldhof [ATP (Waldhof)] contained 43-5 
phosphorus and unknown organic phosphates; 
sodium salt preparation [ATP (Hems)] made 
Hems this Laboratory previously described (Eggleston, 
1957), contained least 98% ATP and trace only 
ADP. 

Radioactive phosphate. Carrier-free dilute 
HCl about was obtained from the Radiochemical 
Centre, Amersham, Bucks. was diluted with water 
before use ml.) and adjusted approx. 

Micro-organisms. Escherichia coli strains 8144 and 
8571 were used previously (Eggleston, 1957). 


METHODS 


Suspensions coli were grown and washed previously 
described (Eggleston, 1957) and were stored sus- 
pensions water. Cell-free extracts were prepared the 
Hughes press (Hughes, 1951) 25° 15°. 

Incubations were carried out Warburg vessels, the 
‘standard conditions’ being follows: the main compart- 
ment contained buffer, 6-8, mm- 
cetyltrimethylammonium bromide (Cetavlon) except 
MgCl,, phosphate, 6-8, 
acid (or acid) and 
(Waldhof) AMP and ATP 
(Schwarz Hems), each The side bulb contained 
the bacteria (about mg. dry wt.), which were added 
the main compartment after incubation for min. 25°. 
The total volume the vessels was ml. The gas space was 
filled with and freshly scraped stick yellow was 
placed the centre well. 

For the measurement total CO, pH68 
correction was made for bound CO, according Johnson 
(1951). 

the end the incubation period (usually min.) the 
cups were transferred ice, and 30% (w/v) 
trichloroacetic acid was added. After centrifuging, the 
clear supernatants were stored For the determi- 
nation specific radioactivities inorganic phosphate and 
nucleotides, samples trichloroacetic acid extract 
were spotted the starting line chromatogram papers, 
pl. time being dried with current cold air from 
hair drier. The chromatographic separations were carried 
out described Krebs Hems (1953). The spots con- 
taining ATP, ADP and inorganic phosphate were cut out 
from the papers and wet-ashed, and analysed for specific 
viously (Eggleston, 1954). pyrophosphate 
(where added) was similarly determined after incubation, 
its the chromatogram papers being less than those 
the three nucleotides. 

Calculations. The extent the esterification inorganic 
phosphate form the labile phosphate groups ATP and 
ADP was calculated those amounts labile phosphate 
which exchanged with radioactive inorganic phosphate. 
The formula used was that Stewart (1953). ‘steady- 
state’ system (i.e. where the concentrations inorganic 
phosphate and labile phosphate not change 
Total labile phosphate exchanged the whole 


P a+b a(a + b) — AX 


Bioch. 1958, 


673 
| 
50, 
950). 


674 
where and are respectively the inorganic 
phosphate and total labile phosphate (of ATP and 
ADP)/cup, and and are respectively the percentages 
total radioactivity the inorganic phosphate fraction 
the start and the end the incubation period. 


RESULTS 
When washed suspensions coli were incubated 
anaerobically with adenine nucleotides and radio- 
active orthophosphate 
phate) but without other substrates, the adenine 
nucleotides slowly became radioactive. Because 
the limited availability pure preparations 
ADP, mixtures pure ATP and AMP, prepara- 
tions ATP containing some ADP (e.g. the 
Waldhof preparation) were used most the 
following experiments. When pure ADP 
orthophosphate acceptor was compared with 
mixture ATP and AMP, the results were almost 
identical. Time curves showed that during the 
incubation period (up the levels 
ATP and ADP did not change appreciably, but 
their specific radioactivities gradually increased. 
other words, the hydrolysis ATP ADP was 
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balanced its re-synthesis from ADP and 
organic phosphate and the action adenylate 
kinase. ‘steady-state’ system, for the nucleotide 
and phosphate concentrations, thus existed. 

was increased two- three-fold after addition 
hydrolysate (Table some individual 
amino acids (Table 2). Radioactivity was found 
both ATP and ADP but not AMP. Both 
labile phosphate groups had similar specific 
radioactivities. The observations are accordance 
with the assumption that ATP the primary 
nucleotide containing Jorthophosphate and that 
the radioactive ADP formed adenylate 
kinase. min. about one-third the labile 
phosphate ATP and ADP had exchanged with 
inorganic phosphate when mg. casein hydro- 
lysate was present. the individual amino acids 
(Table 2), arginine, ornithine and cysteine were the 
most effective ones. Fourteen other amino acids 
had some activity and five, including alanine, 


phenylalanine, tyrosine, histidine 
were inactive. 


alanine, tyrosine and histidine inhibited 


Table 


casein hydrolysate the anaerobic incorporation radioactive orthophosphate 


into adenine nucleotides 


coli standard conditions, described the text, were used except for the addition 0-2 0-4 ml. 10% (w/v) 


casein hydrolysate. 
Cup no. 


Casein hydrolysate added (mg.) 


(i) phosphate 


(ii) Total labile phosphate ATP and ADP 


Inorganic P/cup 
Labile P/cup 


Total labile exchanged min. 


3390 2420 2178 
289 449 760 
0-085 0-185 0-349 
92-55 87-60 81-18 
17-00 22-35 23-62 
16-09 17-00 
3-280 6-035 


Table Comparative effectiveness various amino acids incorporation 
into adenosine triphosphate with Escherichia coli 


Standard conditions were used, described the text; the blank incorporation has been deducted and the results are 


expressed the percentage the activity L-arginine. 


L-Arginine 100 
Glycine DL-Phenylalanine 
L-Asparagine L-Histidine 
L-Aspartate 

L-Glutamine Casein hydrolysate (10 mg.) 
Casein hydrolysate (20 mg.) 
Casein hydrolysate (40 mg.) 306 


DL-Threonine 
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Table Relative effectiveness seven amino acids 
and casein hydrolysate, compared with that 
ornithine, the reaction with 
Escherichia coli 


Standard conditions were used, described the text; 
the blank incorporation has been deducted and the results 
are expressed the percentage the activity 
ornithine 


100 
L-Arginine 
L-Cysteine 
L-Glutamate 
Glycine 
L-Histidine 


Table Relationship between the amounts radio- 
active phosphate exchanged and carbon dioxide 
liberated 


Standard conditions were used, described the text; 
blanks have been deducted and the results are expressed 
extra CO, liberated (ACO,) extra phosphate 
exchanged (AP). 


coli Amino acid 
strain added ACO, 
29-9 2-805 0-094 
L-Ornithine 20-1 2-035 0-101 
L-Arginine 0-84 0-106 


the exchange. smaller 
number amino acids were tested with coli 
strain (Table 3); these ornithine and lysine 
were the most active, histidine again inhibited the 

seen from Tables and that the most 
active amino acids (arginine, ornithine and lysine) 
are those which are vigorously decarboxylated 
this (6-8) the two organisms. Table the 
exchanged/ extra CO, liberated are shown 
for strains and with these three amino acids. 
can seen that the values are 
about the same order (between 0-09 and 
other words, the greater the decarboxylation, the 
greater the labile phosphate exchange. However, 
some amino acids (e.g. cysteine 
stimulated the phosphate exchange without 
undergoing decarboxylation. 

Decarboxylations arginine strain 8114, and 
ornithine and lysine strain 8571, were also 
accompanied increases phosphate incorpora- 
tion into ATP and ADP. these instances 


Aphosphate/ACO, values ranged from 0-05 0-08. 
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Effect pH. For more detailed studies the 
phosphate-exchange reaction and decarboxylation, 
strain was selected with arginine the substrate. 
The optimum for most bacterial amino acid 
greatly reduced activity 6-8 except when 
phosphate, arsenate nucleotides are added 
(Eggleston, 1957). Lowering the from 5-2 
caused threefold increase decarboxylation 
arginine, but reduced the phosphate exchange 

Effect arginine concentration. Table shows 
that maximum rates decarboxylation were 
reached when the arginine concentration was about 
and maximum rates phosphate 
exchange were reached about 
arginine/ml. Further increases concentration 
caused some inhibitions phos- 
phate exchange. the range 
arginine/ml. the Aphosphate/ACO, values were 
about the same order this experiment, i.e. 

amines. The end products these amino 
acid decarboxylations (agmatine from arginine, 
from lysine, putrescine from ornithine) 
were tested for their effects the 
phate exchange reaction. effect the rate 
decarboxylations was found when they were added 
concentrations equal that the amino acid, 
but the rate phosphate exchange was inhibited 
15-37%. These amines depressed the ‘blank’ 
phosphate exchange well the exchange due 
the added amino acids (see Table 6). 

enzyme concentration. When cell-free 
extracts coli were used, almost extra 
radioactivity appeared ATP and ADP very 
low enzyme concentrations mg. dry wt./2 ml.). 
higher concentrations (4-6 and 6-9 mg. dry wt./ 
2ml.) the rate phosphate exchange increased 
more rapidly than the enzyme concentration, 
whereas the CO, production increased rather less 
than the enzyme concentration (Table 7). Other 
experiments were carried out with whole cells 
(about 15mg. dry which 
Cetavlon had been added increase the perme- 
ability the cells amino acids and nucleotides 
(see Eggleston, 1957). When increasing the cell 
concentration mg. dry wt./2 ml., the 
concentration also had raised (to 
order obtain maximum rates decarboxylation. 
Under these conditions both CO, liberation and 
phosphate exchange increased with the cell con- 
centration, but the Aphosphate/ACO, values did 
not change appreciably. Slightly higher concen- 
trations Cetavlon inhibited phosphate 
exchange completely without affecting 
ation. the Cetavlon concentration was kept 
constant and the cell concentration raised, 
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from 40mg. dry wt./2 ml., CO, production 
fell and phosphate exchange was reduced the 
‘blank’ 70% and not increased arginine. 
This suggests that the high cell concentrations 
the amount Cetavlon was insufficient give 
optimum effects and that the bacterial cells require 
certain minimum concentration Cetavlon 
give maximum permeability nucleotides, 
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Time curve. Time curves showed that phosphate 
exchange and amino acid decarboxylation not 
run parallel. The decarboxylation rate declined 
rapidly pH6-8 (see also Eggleston, 1957), 
whereas the phosphate-exchange rate remained 
fairly steady over period hr. Consequently, 
the Aphosphate/ACO, ratios rose with 
(Table 8). This confirms that decarboxylation 


orthophosphate and amino acids. not necessary for activating the phosphate- 


Table Effects arginine concentration the exchange reaction 


coli standard conditions described the text were used, except that Expt. incubation was for only min. 
cups and Expt. the evolution CO, ceased after min. 


Expt. Expt. 

CO, evolved 10-2 20-5 28-2 36-0 44-1 46-2 
Total labile exchanged (umoles) 2-96 4-47 5-20 4-96 2-47 4-20 3°36 


0-019 


Table Effect amines the exchange reaction 


Standard conditions were used, described the text; the amines (agmatine, putrescine and cadaverine) were added 
the same concentrations the amino acids 


P 

coli exchanged Inhibition 
strain Additions 
None 4-54 
Agmatine 
L-Arginine 
8571 None 1-89 
8571 L-Lysine 
8571 L-Lysine cadaverine 2-15 
8571 None 2-32 
8571 5-06 
8571 L-Ornithine putrescine 


Table 


Effect enzyme concentration exchange and arginine decarboxylation cell-free extracts 


coli cell-free extract was used; standard conditions were used, described the text. 


Dry wt. enzyme added (mg.) 4-6 
Amino acid added None Arginine None Arginine None Arginine 
CO, liberated 10-9 17-9 0-7 24-0 
Total labile exchanged 0-425 0-440 1-34 1-65 4-68 
+0-015 +1-44 
AP/ACO, 0-0014 0-062 


0-0173 


Table the period incubation exchanged and the decarboxylation arginine and lysine 


coli strain with arginine, strain with lysine; standard conditions were used, described the text; the blank 
evolution and exchange have been deducted. 


Incubation CO, 
period liberated exchanged 
Amino acid P/CO, 
L-Arginine 0-60 1-227 0-048 
L-Arginine 60-90 0-723 
L-Arginine 90-120 0-580 0-176 
Lysine 0-60 32-2 0-036 
L-Lysine 10-4 0-792 0-076 
L-Lysine 90-120 4-6 0-705 0-153 
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exchange reaction. The fall decarboxylase the same conditions incorporation 


activity 6-8 not due inhibition end 
products and has not been satisfactorily explained. 

Effect phosphate concentration and pyridoxal 
phosphate. When the concentration inorganic 
phosphate was doubled there was small increase 
CO, production and labile phosphate exchanged 
during arginine decarboxylation strain The 
Aphosphate/ACO, value remained the same. 

The addition pyridoxal phosphate (20 had 
very little effect the Aphosphate/ACO, values 
6-8 5-2. has previously been shown 
(Eggleston, 1957) that this coenzyme 
maximum effect bacterial amino acid de- 
carboxylases the optimum (about 4-5) and 
that has very little effect CO, production near 
the neutral point. 

Incorporation radioactive orthophosphate into 
inorganic pyrophosphate. 
phate, AMP and inorganic pyrophosphate were 
incubated with coli and arginine, only traces 
isotope appeared the inorganic pyrophosphate. 
ATP ADP was detectable chromato- 
graphic methods and the concentration inorganic 
pyrophosphate was not appreciably altered. Under 


phosphate into nucleotides took place when 
orthophosphate, AMP and ATP were present 
(Table Expts. and 2). separate experiment 
which inorganic pyro- 
phosphate, AMP and ATP were all incubated 
together showed inorganic pyrophos- 
phate almost high the labile phosphate 
ATP (Table Expt. 3). The interpretation these 
results appears the Discussion. 

Effect inhibitors. Taylor Gale (1945) showed 
that the bacterial amino acid decarboxylases are 
inhibited semicarbazide, hydrazine and hydroxyl- 
amine. concentrations semicarbazide and 
hydrazine which amino acid 
ation was only slightly inhibited, the 
phosphate exchange was greatly completely 
inhibited (Table 10). The ‘blank’ phosphate 
exchange (without amino acid) was not inhibited 
these reagents. Hydroxylamine (mM) gave 
similar results, but with higher concentrations 
CO, production was completely inhibited, 
well phosphate exchange. Here again the 
‘blank’ phosphate exchange was not inhibited 
(Table 11). 


Table Conditions for the incorporation into inorganic pyrophosphate 


coli standard conditions were used except for the add 


AMP and ATP (Schwarz) Expts. and and inorganic pyrophosphate Expt. Expt. 3). Expts. 
and were run simultaneously from the same bacterial suspension. Results refer specific radioactivities (counts/min./ 


PP: inorganic pyrophosphate. 


Expt. Expt. Expt. 

(a)* (b)* (a) (a) 
Additions AMP AMP AMP AMP AMP AMP 
ATP ATP ATP ATP 

Orthophosphate 2640 2580 2390 2663 1800 1236 
Labile 289 501 223 465 
PP/P 0-008 0-014 0-097 0-336 
Labile P/P 0-085 0-188 0-376 


(a) Without arginine; (b) with arginine. 


this table zero signifies non-detectable quantities. 


Table 10. Effect semicarbazide and hydrazine arginine decarboxylation 
and the phosphate-exchange reaction 


coli standard conditions were used, described the text, semicarbazide and hydrazine were added con- 


centration. 

Amino acid added None Arginine None Arginine None Arginine 
Other additions None None Semi- Semi- Hydrazine 

CO, liberated 1-6 35-0 0-9 28-5 0-6 24-2 
Total labile exchanged 10-02 6-87 4-48 
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Table 11. hydroxylamine decarboxylations and phosphate exchange 


coli strain with lysine, strain with arginine; standard conditions were used, described the text, except that 
Expt. incubation was for 120 min. 


CO, liberated exchanged 
Additions ACO, AP/ACO, 
Expt. 
Arginine 29-8 + 1-20 0-042 
Hydroxylamine (mM); 16-5 0-010 
Expt. 
Lysine 47-2 2-66 0-056 


Table 12. Effect 2:4-dinitrophenol and 
and phosphate exchange 


coli strain with arginine, strain with lysine; standard conditions were used, described the text. Results for 
Expt. are the averages duplicates. 


Additions 

Expt. 

None 

Arginine 

Dinitrophenol (0-1 mm) 

Dinitrophenol (0-1 arginine 
Expt. 2 

None 

Arginine 

mM); arginine 

arginine 
Expt. 

None 

Lysine 

(10 

(10 mm); lysine 


Table 13. Effect sodium fluoride decarboxylations and phosphate exchange 


CO, liberated 


29-8 
0-8 


0-4 


41-0 


exchanged 
(umoles) 


2-32 
3-52 
2-39 
4-16 


1-43 
1-53 


14-71 


AP/ACO, 


0-042 


0-061 


coli strain with lysine, strain with arginine; standard conditions were used, described the text. Results for 
Expt. are the averages duplicates. 


Expt. 

None 

Lysine 

Sodium fluoride 

Sodium fluoride lysine 
Expt. 

None 

Arginine 

Sodium fluoride arginine 


A 


CO, liberated 


exchanged 


6-32 
14-71 
16-99 


AP/ACO, 


0-160 


0-199 


0-086 
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uncouple oxidative phosphorylations, had 
effect arginine decarboxylation the 
phosphate exchange, but increased the phosphate 
exchange the presence arginine 
(Table 12). Fluoride has similar effect (Table 13). 
the presence lysine, NaF increased the 
Aphosphate/ACO, value about 24%, and this 
figure (0-199) was the highest obtained the 
present work. inhibited 
phosphate exchange without affecting the de- 
carboxylations arginine lysine (Table 12). 


DISCUSSION 


anaerobic exchange reaction leading the 
incorporation into ATP has 
been shgwn occur animal tissues Boyer, 
Harrison (1954), and subsequently 
Cohn Drysdale (1955), Swanson (1956), Boyer, 
Luchsinger Falcone (1956), Cooper Lehninger 
(1957) and Plaut (1957). similar reaction 
coli has been briefly reported Moss Novelli 
(1956). The experiments reported the present 
paper show that the exchange reaction coli 
accelerated the addition amino acids, 
both whole cells and extracts. 

The addition mixtures amino acids, such 
casein hydrolysate (Tables and 2), individual 
amino acids (Tables and 3), caused increases 
the rate phosphate exchange about three- 
fold. twenty-three amino acids tested, seventeen 
were active, the most effective being arginine, 
ornithine and cysteine with coli strain 
ornithine and lysine with strain Arginine was 
also active with strain 8144, ornithine and lysine 
with strain 8571. Among the most effective amino 
acids were those which were rapidly 
ated, and there was some parallelism between the 
amounts labile phosphate exchanged and carbon 
dioxide liberated (see Table 4). However, de- 
carboxylation amino acid not essential for 
the stimulation the phosphate-exchange re- 
action. Thus valine, leucine and glycine 
promoted the phosphate exchange without under- 
going decarboxylation, although the effect these 
amino acids was usually much weaker than that 
those being rapidly decarboxylated (Tables and 
3). With strain cysteine was active orni- 
thine, but with strain had only one-tenth the 
activity ornithine. 

There was simple stoicheiometry between the 
amounts phosphate incorporated into ATP and 
arginine, ornithine lysine decarboxylated; 
most, phosphate was exchanged/ 
carbon dioxide released. Even with the 
same amino acid, there were large variations the 
Aphosphate/ACO, values obtained different 
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experiments This may accounted 
for the assumption that the decarboxylases and 
the phosphate-exchange reaction are independent 
systems. This borne out the effect pH, time 
curves (Table 8), effects amines (Table and the 
effects amino acid and enzyme concentrations 
(Tables and 7), and the effects inhibitors. 
Thus the phosphate-exchange system was more 
sensitive the carbonyl-reacting substances, 
semicarbazide, hydrazine and hydroxylamine, than 
were the decarboxylases. The inhibition phos- 
phate exchange iodoacetate suggests that thiol 
groups are necessary for the activity this system. 

The exchange reaction described this paper 
different from the rapid exchange reaction between 
inorganic pyrophosphate and ATP the presence 
amino acid mixtures incubated with rat liver 
(Hoagland, 1955) bacterial preparations (De 
Moss Novelli, 1956). The latter authors, examin- 
ing the reaction coli detail, found only eight 
amino acids individually effective increasing the 
rate pyrophosphate exchange. Isoleucine, 
leucine, valine, tyrosine and methionine were the 
most effective, phenylalanine, histidine and trypto- 
phan less active, and arginine and lysine were 
completely ineffective. contrast the present 
data show that tyrosine, histidine and 
alanine cause increases phosphate incorpora- 
tion and, fact, were slightly inhibitory 
%). 

Moss Novelli also noted that inorganic 
orthophosphate was incorporated into ATP the 
presence amino acid mixtures, but this was only 
about one-thirtieth the pyrophosphate-exchange 
reaction, and was not further studied them. The 
rate observed the present experiments for th« 
orthophosphate exchange the same order 
that reported Moss Novelli. 

which nearer the optimum for the 
decarboxylases the phosphate-exchange 
reaction was only 15% that 6-8; con- 


trast Moss Novelli found about 50% 


maximum activity the pyrophosphate-exchange 
reaction the lower pH. Another difference 
between the phosphate- 


exchange reactions lies the concentrations 


amino acids necessary for maximum activation. 
Moss Novelli found that ‘saturation’ with 
some amino acids was reached low concentra- 
tions, e.g. leucine/ml. for the pyro- 
phosphate-exchange reaction. Maximum rates 
phosphate exchange were only reached with about 
arginine/ml. (see Table 5). 

The experiments Table show that the in- 
corporation into ATP does 
not involve primary conversion phosphate 
into pyrophosphate with subsequent incorporation 
via the ‘Hoagland reaction’. Thus formation 
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radioactive ATP from AMP 
and inorganic pyrophosphate could detected 
unless ATP (non-radioactive) was also added. The 
results support the assumption that under the 
experimental conditions, must first in- 
into both labile phosphate groups 
ATP before radioactivity can appear inorganic 
pyrophosphate (PP), the following manner: 


(i) adenosine pyrophosphate 
(ii) adenosine 
+adenosine phosphate 
(iii) adenosine phosphate 
phosphate 
(iv) adenosine phosphate 


Reactions (i) and (iii) would the slow phosphate- 
exchange reactions reported for the incorporations 
this paper, and reactions (ii) and (iv) respectively 
the rapid reactions adenylate kinase and the 
reaction’. arginine, ornithine and 
lysine not affect reaction (iv), its high activity 
would correspond the large ‘blank’ exchange 
reaction found Moss Novelli the absence 
added amino acids. 

The phosphate exchange between the terminal 
phosphate ATP and inorganic phosphate was 
taken Boyer al. (1954) due reversible 
step oxidative phosphorylation. Whether the 
acceleration the exchange reaction amino 
acids concerned with the systems responsible for 
oxidative phosphorylation open question. 
noteworthy that, whereas the phosphate- 
exchange reaction observed Boyer al. (1954) 
and Cooper Lehninger (1957) was inhibited 
similar reaction studied Plaut (1957) 
purified liver extracts was insensitive 2:4-dini- 
trophenol. the present work coli the 
exchange reaction accelerated amino acids was 
not inhibited 2:4-dinitrophenol (0-1 mm) but was 
slightly increased (Table 11). 


SUMMARY 


organic orthophosphate and individual amino acids 
were added Escherichia coli preparations incu- 
bated anaerobically and the rate exchange 
between inorganic phosphate and the labile phos- 
phate adenosine triphosphate was measured the 
concentration phosphate and nucleotides re- 
mained constant. 

Arginine, ornithine and lysine, which were 
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rapidly decarboxylated, were found the most 
effective activators phosphate exchange. The 
highest values for phosphate 
carbon dioxide liberated were about 

Although some parallelism observed 
between the amounts phosphate exchanged and 


dioxide liberated, the decarboxylation 


amino acid was not essential for increased 
phosphate exchange. Amino acids which 
ated the phosphate exchange without undergoing 
decarboxylation included cysteine, valine, leucine, 
glycine and tryptophan. 

The phosphate-exchange reaction was very 
although the lower nearer the optimum 
the decarboxylases (about 

Agmatine, cadaverine and putrescine caused 
some inhibition the phosphate-exchange 
action. 

The phosphate-exchange reaction was more 
sensitive -semicarbazide and 
-hydroxylamine than were the 
(0-1 did not inhibit, but caused small increases 
the rate phosphate exchanged. 
inhibited the phosphate exchange but not 
the decarboxylases. 

The enzyme systems responsible for phos- 
phate incorporation into adenosine triphosphate, 
and for the pyrophosphate exchange with adeno- 
sine triphosphate described Hoagland (1955) 
and Moss Novelli (1956), are not identical, 
because different amino acids are required 
activate the two systems. 

The possibility discussed that the phos- 
phate-exchange reaction described here similar 
that observed. animal tissues Boyer, 
Falcone Harrison (1954). 


The author wishes thank Professor Krebs, 
for his helpful criticisms. This work was aided 
grant from the Rockefeller Foundation this Depart- 
ment. 
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Effect Ischaemic Necrosis and Autolysis vitro 
the Soluble Proteins Rat Kidneys 


CARAVAGLIOS 
Istituto Patologia Generale, Universita Pisa, Pisa, Italy 


(Received August 1957) 


The structural changes undergone the cells the 
course coagulation necrosis have been investi- 
gated detail many authors (Arnheim, 1890; 
Heidenhain, 1907; Schmaus Albrecht, 1895; 
Schottlander, 1888, 1891). Although many papers 
have been published the biochemical changes 
occurring during the necrotic process, explana- 
tion, biochemical basis, the events taking 
place this pathological condition still lacking. 
particular, the data far available the fate 
the protein components the cells this con- 
dition are essentially analogous they deal mainly 
with the autolysis vitro under aseptic conditions. 
These investigations deal particularly with the 
behaviour various enzyme systems and with 
the substances appearing during the hydrolytic 
cleavage the proteins (see the extensive reviews 
Bradley, 1922, 1938; Pozzi, 1935). The dis- 
appearance the cellular proteins, the course 
necrosis, was thus referred digestion the 
protein components due proteolytic enzymes 
still active the dead cells (Bradley, 1922, 1938). 

investigations the biochemical changes 
the soluble proteins, during the course necrosis, 
have been carried out far direct analytical 
procedures. this paper the soluble proteins 
normal kidneys and kidneys the course 
ischaemic necrosis and autolysis vitro have been 
studied, mainly paper electrophoresis. 


EXPERIMENTAL 


Male albino rats the Italico strain, weighing 150-180 g., 
bred this Department and fed standard diet 
(Randoin Causeret, 1947), were used. 

Ligation the renal vessels. Ligation the left renal 
artery and vein was carried out, under light ether anaes- 
thesia, with sterile silk thread. ensure partial drainage 
the blood trapped the vessels the organ, the renal 
vein was severed distally the ligature. 


Transplantation the kidneys the peritoneal cavity. 
Animals were killed exsanguination under light ether 
anaesthesia and the body was perfused through the 
ascending aorta with about 200 ml. sterilized ice-cold 
NaCl soln. The kidneys were removed, weighed and 
transferred under aseptic conditions the peritoneal 
cavities other rats. 

Aseptic autolysis vitro. Organs perfused described 
above were put sterilized glass-stoppered test tubes 
containing some drops chloroform. Direct contact 
the antiseptic was avoided suspending the organs 
small glass rods. Autolysis was carried out oven 
37°. 

Extraction the soluble proteins. The weighed organs 
were dispersed vol. water, adjusted 7-8, with 
glass homogenizer kept crushed ice. 
The dispersion was centrifuged for hr. 
refrigerated angle centrifuge (Kispirouette Phywe, Phywe 
A.-G., and the supernatant fluid again centrifuged 
for hr. with the same centrifugal force. The supernatant 
fluid was stored the cold room and used for the 
electrophoretic analysis. 

Determination the total and soluble protein contents 
the tissue dispersions. Proteins from the whole homogenate 
and supernatant fluid were precipitated with (w/v) 
trichloroacetic acid; digestion was performed 
presence potassium was distilled the 
Markham (1942) apparatus and collected 
H,SO, for back titration with Tashiro’s 
indicator (King, 1951) being used. 

Paper electrophoresis. This was carried out hori- 
zontal-strip-type apparatus with boric 
NaOH buffer (P. Adjutantis, 
personal 

Strips paper (Whatman no. cm. cm.) were 
allowed equilibrate the apparatus and then the fluids 
were applied narrow band near the cathode end. 
Separation was carried out with constant potential 
135-150v and current, the beginning the experi- 
ment, about for single strip. The strips, dried 
oven 110° for min., were stained with Amido-black 
10B according Grassman, Hannig Knedel (1951). The 
relative percentages the separated components were 
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determined cutting out the appropriate portions the 
stained strip, eluting the dye with ml. phenol soln. 
(4%, w/v) and reading the optical density 
photoelectric colorimeter with 610 filter. 


RESULT 


Soluble proteins normal kidneys 


The supernatant fluid obtained from normal 


organs was slightly opalescent, yellow 


brown colour, with average protein content 


g./100 ml. The supernatant from normal un- 
perfused organs showed instead 
colour, due the presence haemoglobin; its 
protein content was 3-9 0-4 g./100 ml. 

Fig. shows the electrophoretic patterns the 
soluble proteins normal, perfused kidneys. The 
six separated components are distinguished with 
the numbers from order their increasing 
mobility. The protein components nos. and 
some experiments including the one illustrated, 
did not separate well because their similar 
mobilities. Moreover, proteins electrophoretically 
not homogeneous, with high mobilities, migrate 
ahead fraction no. (Fig. They represent 
the total soluble proteins; with 
greater potential differences, this material can 
resolved into two fairly distinct bands. Thus the 
total number the protein components the 
supernatant fluid from perfused normal kidneys 
least eight. Fig. shows the electrophoretic 
pattern the supernatant fluid from unperfused 
normal kidneys. comparison Figs. and 
shows that the supernatant fluid from unperfused 
organs differed from that the perfused only 
the presence additional component migrating 
ahead the other fractions. Moreover, the separa- 
tion the components nos. and still more 
additional 


difficult because the presence 
material migrating with approximately 
mobility. Other experiments showed that the 
Albumin 
1¥ € 8 7 
1 


Fig. 
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component with high mobility, the 
supernatant fluid from unperfused kidneys, shows 
the same mobility rat-serum albumin, whereas 
haemoglobin and blood serum, after 
electrophoresis, are located approximately 
interval between the components nos. and 
was therefore concluded that the differences 
between the fluids obtained from perfused and 
perfused organs were due the presence blood 
the latter. 

Table the relative percentages the various 
components from perfused and unperfused normal 
kidneys are reported. view the poor 
tion the components nos. arid these fractions 
were determined the same procedure was 
followed for the components nos. and 


present 


Soluble proteins the kidney, after 
ligation the blood vessels 
Proteins were extracted after 24, 48, 72, 
and 118 hr. experimentally induced ischaemia. 
modifications were observed the 
patterns after Later, the material 
migrating between fraction no. and the albumin 
band was decreased, whereas the other components 
were less clearly resolved. After hr. increase 


soluble-protein components perfused and 
perfused rat kidneys, separated paper electro- 
phoresis 
are means from nine individual 

S.E.M. 


Perfused Unperfused 
Fraction no. kidneys kidneys 
10-6+0-4 
20-4+1-0 
Albumin 
Albumin 


1. Electrophoretic patterns of the soluble proteins of kidneys of rats: a, Normal, perfused kidneys; ), normal, 
unperfused kidneys; kidneys after hr. the peritoneal cavities other rats; kidneys after hr. the 


peritoneal cavities other rats; kidneys after hr. the peritoneal cavities other rats. 
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the albumin band had begun, which was more 
evident hr.; also this time component 
with the mobility serum was evident. 
After the electrophoretic pattern the 
soluble proteins was similar that the blood 
serum, whereas all the components the cell 
proteins, previously observed, had disappeared. 
This might indicate that proteins from interstitial 
fluid had penetrated the necrotic tissue. For 
direct demonstration this hypothesis, the follow- 
ing experiments were performed. 


Soluble proteins perfused kidneys which had been 
transferred the peritoneal cavity other rats 


The modifications the weight and the 
protein contents kidneys transferred the peri- 
toneal cavity are reported Fig. From this 
apparent that the weights kidneys kept 
the peritoneal cavity living animals underwent 
increase the first hr. and important 
decrease afterwards. Fig. shows also that the 
soluble proteins underwent rapid decrease the 
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Modifications the weight and the protein 
content the kidneys after transplanting into the 
peritoneal cavities other rats. Wet wt. the 
organs, expressed percentage the original weight; 
\, total protein contents of the tissue dispersion (1:2); 
protein contents the supernatant fluid, after 
centrifuging (see Each experimental point 


corresponds the mean from three seven individual 
results. The vertical lines represent twice the standard 
error the means. 
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first 24hr.; later, this decrease 
Fig. represent the electrophoretic patterns 
the soluble proteins organs kept respectively for 
24, and 72hr. the peritoneal cavity. The 
patterns were similar those already observed 
after ligation the blood vessels situ. 
(Fig. albumin fraction was first visible, and 
the protein components migrating between the 
latter and component no. were decreased; the 
other components, with the exception fraction 
no. were not clearly distinguished. hr. 
(Fig. 1d), further increase the albumin com- 
ponent was evident. Moreover, the presence 
fraction with mobility similar that 
globulins was noted. (Fig. le), all the 
original kidney proteins were absent 
electrophoretic pattern was similar that the 
blood serum the same animals. 


Soluble proteins the kidney 
during autolysis vitro 


These were studied after 24, 48, and 
hr. autolysis. Fig. shows the total protein 
contents the tissue dispersion and the corre- 
sponding supernatant fluid. apparent that 
during the first hr. rapid decrease the soluble 
protein levels took place, after which the decrease 
continued slower rate. From comparison 
Figs. and some differences the behaviour 
the soluble proteins kidneys during the autolysis 
vitro, and those kidneys kept the peri- 
toneal cavity are apparent. The levels soluble 
protein from organs kept the peritoneal cavity 
were always higher than those organs kept 


cc 
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Time aseptic autolysis 


Fig. Effect the autolysis vitro the protein 
content the kidneys. Total protein content the 
tissue dispersion (1:2); protein content the super- 
natant fluid after centrifuging (see text). Each experi- 
mental point corresponds the mean from three 
seven individual results. The vertical lines represent 
twice the standard error the means. 
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vitro 37°. Moreover, necrosis vivo, the rapid 
decrease the soluble proteins was evident only 
during the first hr., whereas the autolysis 
vitro was observed for the first hr. The electro- 
phoretic patterns observed during the course 
autolysis showed only progressive decrease the 
original protein components. 


DISCUSSION 


The results here presented show that the soluble 
proteins extracted from perfused normal renal 
tissue rats are separated paper electrophoresis 
into eight components. the supernatant fluid 
from unperfused organs additional component, 
similar albumin, was detected. Moreover, 
the latter case the presence haemoglobin and 
material similar mobility serum 
was demonstrated. Results for the soluble proteins 
necrotic kidneys demonstrate that during 
necrosis progressive decrease these proteins 
occurred, accompanied the progressive appear- 
ance the necrotic organs other soluble proteins. 
These proteins, the basis their number, 
relative percentage distribution and mobility, 
appear identical with the serum proteins. Possibly, 
proteins analogous those the blood serum 
pass this condition from the interstitial fluid into 
the necrotic tissue. This interpretation sub- 
stantially agreement with Verzani’s (1936) 
findings, confirmed the present investigation, 
that the necrotic tissue undergoes increase 
weight. However, this weight increase takes place 
the first hours and, according Verzani (1936), 
probably due imbibition interstitial fluid. 
The passage the foreign proteins into the 
necrotic organ detectable only after hr. and 
coincident with the reduction the weight the 
organs. 

The present data permit better understanding 
the phenomenon ischaemic necrosis com- 
pared with aseptic autolysis vitro. this con- 
nexion some published results point biochemical 
differences between these two conditions. Thus 
whereas autolysing tissues (Bradley, 1922, 1938; 
Sevringhaus, Koehler Bradley, 1923) and those 
the first stage ischaemia (Rous Drury, 1929) 
show more acid than normal, Borger, Peters 
Kurz (1933), Leuthardt Koller (1934), 
Baldassi (1935) and Verzani (1936) have demon- 
strated that the ischaemic necrotic tissue shows 
neutral alkaline pH. Verzani (1936) adds that 
necrotic rabbit kidneys are increasingly acid during 
the first hour after the beginning ischaemia, 
whereas later they became neutral and eventually 
alkaline. has also been demonstrated that the 
activities some enzymes are increased the 
course autolysis vitro, whereas they are 
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reduced the necrotic tissues (Borger, Bajerle, 
Mayer Peters, 1935; Pozzi, 1935; Verzani, 
The present investigation shows that, during the 
course necrosis, blood proteins pass into the 
tissue. view the inhibitory action serum 
proteins tissue proteolytic enzymes (Bradley, 
1922) and the possibility that, together with the 
electrophoretically demonstrated proteins, serum 
enzymes might also penetrate into the necrotic 
tissue, the phenomenon described here could have 
notable influence the biochemical events taking 
place this tissue. 


SUMMARY 


The soluble proteins extracted from perfused 
kidneys normal rats have been separated 
paper electrophoresis into eight components. 
was demonstrated that the supernatant fluid 
obtained from unperfused, normal kidneys con- 
tains, addition haemoglobin band, com- 
ponent similar mobility serum albumin, 
well faint band probably identical with serum 

toneal cavities other rats increase weight 
during the first hr., and then decrease weight 
rapidly. The total soluble proteins the kidneys 
decrease rapidly during the first hr. ischaemia 
and remain practically constant afterwards. 
autolysis vitro, the rapid decrease soluble 
proteins lasts for the first hr. and more marked 
than the previous case; later, slower decrease 
observed. 

Paper electrophoresis the soluble proteins 
extracted from kidneys left situ after ligation 
the blood vessels, and from kidneys transferred 
the peritoneal cavities other rats, shows 
progressive disappearance the original tissue 
proteins, accompanied the appearance 
foreign proteins similar those the blood serum 
the same animals; such proteins were not ob- 
served autolysis vitro. 

The interpretation these findings dis- 
cussed. 

The author grateful Professor Puccinelli for 
interest and advice the course the work. grant 
the Department from Consiglio Nazionale delle Ricerche, 
Roma, defrayed part the expenses. 
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The Biochemistry Organotin Compounds 
THE CONVERSION TETRAETHYLTIN INTO TRIETHYLTIN MAMMALS 
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(Received October 1957) 


their study the toxicity organotin com- 
pounds Stoner, Barnes Duff (1955) noted that 
when tetraethyltin was given rabbits the 
symptoms after initial latent period closely 
resembled those triethyltin poisoning. They 
suggested that tetraethyltin was converted into 
triethyltin. similar description the symptoms 
tetraethyltin poisoning rabbits, particularly 
muscular weakness and lowered body temperature, 
has been made (1954) and whole series 
these tetra-alkyltin compounds has been studied 
Meynier Previous work (Cremer, 1957) 
has shown that there close correlation between 
the amount triethyltin given rats, the concen- 
tration attained the brain and the degree 
inhibition the metabolism vitro brain slices 
prepared from treated rats. analytical pro- 
cedure for determining triethyltin 
media was also described. similar techniques 
those used that study has now been possible 
show that tetraethyltin converted into tri- 
ethyltin rats and rabbits. Studies the con- 
version mechanism vitro have been made and the 
liver has been found the organ most active 
converting tetraethyltin into triethyltin. 


MATERIALS AND METHODS 


The animals used were albino rats 200-230 body wt., 
maintained M.R.C. diet no. (Bruce Parkes, 1956), 
and cross-bred rabbits fed M.R.C. diet no. (Bruce, 
1947). 

Brain slices were prepared and used as_ previously 
described (Cremer, 1957). 

Preparation and fractionation liver homogenates. 
Fractionation 10% (w/v) liver suspension ice-cold 
(Davison, 


1955) was essentially the method Schneider (1948). 
Liver was homogenized type 
homogenizer with Perspex pestle, described 
Aldridge (1957). Cells and nuclei were removed centri- 
fuging 600g for min., mitochondria further 
min. 5000 and microsomes further 120 min. 
Each sediment was resuspended without washing 
half the original volume the whole homogenate. For 
routine experiments the supernatant from 10% (w/v) 
liver homogenate medium, 
centrifuged for min. was used. 

Protein was estimated the biuret method Robinson 
Hogden (1940) modified Aldridge (1957), with 
bovine-serum albumin the standard. 

Purification tetraethyltin. Tetraethyltin was obtained 
from van der Kerk. Triethyltin impurity the 
sample was removed several extractions solution 
tetraethyltin CHCl, with subdued light, 
followed washing with water, 
tetraacetic acid (EDTA) buffer g.; 
boric acid, g.; EDTA, 11. water. 8-4) 
(Cremer, 1957), conductivity water the 
vacuo. The purified sample was stored the dark 
0°. stock ethanolic solution tetraethyltin (40 mg./ 
ml.) was prepared and stored the dark 0°. This 
solution was used for intravenous injection. For addition 
Warburg flasks small samples the ethanolic solution 
were pipetted rapidly into larger volumes the saline 
media and shaken vigorously, the suspension being pre- 
pared just before use. 

Estimation triethyltin. Triethyltin was estimated 
biological material the dithizone method previously 
described (Cremer, 1957). The percentage recoveries for the 
various tissues given that work have been used 
calculate the triethyltin/g. tissue wet wt. Purified 
tetraethyltin does not form complex with dithizone 
(Aldridge Cremer, 1957). For experiments vitro tri- 
ethyltin was esimated the total flask contents and 
expressed pg. found/g. wet wt. for liver slices 
100 mg. protein cell-fractionation experiments. 
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Distribution coefficients for organotin compounds. Samples 
blood ml.) and liver g.) from rats given mg. 
tetraethyltin/kg. intravenously were homogenized 
ml. water. Tartaric acid (10%, w/v, 5ml.) and 
perchloric acid (36%, v/v, ml.) were added with efficient 
mixing and, after centrifuging, sample (20 ml.) the 
supernatant was neutralized with (approx. 
buffer ml.) was added and the 
mixture treated according the scheme shown Fig. 
The first step this scheme allowed the organotin com- 
pounds present distribute between the chloroform phase 
and the aqueous phase has previously been shown 
(Aldridge Cremer, 1957) that triethyltin distributes 
favour whereas diethyltin remains entirely the 
aqueous phase. Triethyltin the chloroform layer was 
followed ml. dithizone reagent (w/v) 
dithiocarbazone subdued light. After mixing 
for min. the borate buffer was removed suction and the 
layer read against dithizone control cm. cells 
610 Unicam SP. 600 spectrophotometer. Two 
drops acetic acid (AnalaR) were then added each cell 
and the readings repeated. The organotin compounds 
not complex with dithizone under acid conditions that 
the difference the readings gave the amount dithizone 
used. The organotin equivalent this dithizone was 
obtained from calibration curves prepared adding 
known amounts organotin compounds. The aqueous 
phase would contain diethyltin and the remaining tri- 
ethyltin not extracted both these compounds 
were present the original sample. These organotin com- 
pounds formed complexes with the dithizone reagent and 
the complexes were extracted with (Fig. C). The 
amount the complexed dithizone was determined 
described above. When both di- and tri-ethyltin were 
present the absorption 610 was the sum each 
complex. 

Conversion tetraethyltin liver slices. The following 
general procedure was used. suspension tetraethyltin 
(Umbreit, Burris Stauffer, 1951) with was 
added each flask and liver slices from 200 300 mg. 
total wet wt. The centre well contained 0-2 ml. 20% 
(w/v) KOH for CO, absorption. After gassing for min. 
with the flasks were incubated 37° and desired time 
intervals removed from the bath, the slices homogenized 


Aqueous sample (neutralized) 
organotin (20 ml.) 


added (10 ml.) and 
mixed for min. 


layer (A) Aqueous layer (B) 


added (10 ml.) 
and dithizone reagent 
Mixed for 

min. subdued light 


layer (C) 


Fig. Scheme analysis the distribution organotin 
compounds. 
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water and then added the remaining flask 
contents for triethyltin analysis. 

Conversion tetraethyltin liver-cell The 
following general procedure was used; any deviations are 
described the text the legends particular experi- 
ments. Each flask contained ml. liver-cell fraction 
preparation NaCl-MgSO,-nicotinamide tetra- 
ethyltin diphosphopyridine nucleotide (DPN) 
total volume ml. The centre well con- 
tained 0-2 ml. 20% (w/v) KOH for CO, absorption. 
Incubation was 37°. Flasks were gassed for min. with 
tartaric acid was added and triethyltin estimated the 
total flask contents. 

Special chemicals. DPN was prepared 
yeast the method Kornberg Pricer (1953), 
described Aldridge Cremer (1955). 

Triphosphopyridine nucleotide (TPN) was prepared from 
cow liver described Threlfall (1957). 


RESULTS 
Conversion tetraethyltin vivo 


Male rats were given intravenous (tail vein) in- 
jections tetraethyltin (20 mg./kg. body wt.) and 
killed intervals after the injection. 
kidney, brain and whole-blood were 
examined for triethyltin. Brain slices were 
pared from the same rats and their consumption, 
pyruvate and lactate levels determined vitro. 
The results given Table show definite con- 
version tetraethyltin into triethyltin. The 
distribution the triethyltin formed 
resembled the pattern distribution obtained 
rats given triethyltin itself (Cremer, 1957). The 
metabolism the brain slices was altered 
similar manner that rats treated with tri- 
ethyltin and again there appeared close 
correlation between the amount 
found the brain and the degree alteration 
its metabolism This can seen more 
clearly Table where the concentration 
triethyltin found the brain has been expressed 
the molar concentration the tissue fluid 
described previously (Cremer, 1957). The values 
Qo, and lactic acid ratios have been 
compared with those brain slices which tri- 
ethyltin was vitro. 

large quantity triethyltin was found the 
liver, with smaller amounts the kidney, brain 
and whole blood rabbit killed prostrate 
condition after intravenous injection 
tetraethyltin (25 mg./kg., Table 1). 

Axelrod, Reichenthal Brodie (1954) first demon- 
strated that the compound 2-diethylaminoethyldi- 
phenylpropylacetate hydrochloride (SKF 525-A) 
potentiated the action barbiturates retarding 
their rate metabolic transformation. Since then 
several other workers have shown that SKF 525-A 
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flask prevents retards the metabolic breakdown examination and the water content 
variety foreign substances given animals the remainder drying con- 
The (Davison, 1955; Magee, 1956). Four rats were given weight 105°. The mean values found were 
are SKF 525-A intraperitoneally (100 mg./kg.) followed 80-78 and for the water content brain 
and killed after the latter and 69+0-39% for control 
injection. The level triethyltin blood and liver rats this body weight (Dr Stoner, personal 
the activity brain slices vitro were deter- The increased water 
mined 1). SKF 525-A slightly reduced the treated with tetraethyltin was very close 
with conversion tetraethyltin, but did not prevent it. with the results Magee al. (1957) 
However, more striking effect SKF 525-A acute experiments with triethyltin sulphate. 
the the conversion tetraethyltin was found histological findings confirmed the presence 
systems vitro described later. interstitial oedema the white matter. 
Magee, Stoner Barnes (1957) determined the Proof that triethyltin formed from tetraethyltin 
from water content the brain and spinal cord rats The distribution coefficient between CHCl, and 
given triethyltin hydroxide and showed there diethyltin and triethyltin alone and 
marked increase. Two 200 male rats given known concentrations have been 
intravenous injection tetraethyltin (20 mg./kg.) with those substance substances 
were killed and 76hr. later. The brains and combining with dithizone from blood and liver 
spinal cords were dissected out, samples taken for samples from rats given tetraethyltin. The results 
Table Conversion tetraethyltin vivo 
were For brain-cortex metabolism vitro each flask contained ml. phosphate soln. with 
pre- and mg. tissue slice (average wet wt.). The centre well contained 0-2 ml. 20% (w/v) KOH for CO, absorption. 
tion, After incubation 37° for min. slices were removed for determination and ml. 18% (w/v) trichloro- 
vitro. acetic acid was added the remaining flask contents. After lactic and pyruvic acid were determined 
the supernatant. Qo, expressed the dry wt./hr.; lactic and pyruvic acid are given the ratio 
total wt. (ug.) lactic acid found/flask: total wt. acid found/flask. Triethyltin expressed 
The py Pp H8-/8 
tissue wet wt. Mean values are given with the standard error the mean for each value. 
Time after Brain cortex slices 
Species (min.) animals pyruvic acid Blood Liver Kidney Brain 
Rats were given SKF 525-A; see text. 
been Table Comparison the activity brain slices with triethyltin added vitro 
tri- and slices from rats given tetraethyltin 
For details the calculation the molar concentration triethyltin the brain see text and Cremer (1957). 
the 
brain triethyltin tissue fluid 
strate Found vivo 
after intravenous 
Added injection Lactic acid/ 
vivo vitro tetraethyltin Qo, pyruvic acid 
12-4 16-2 
25-A) 3-2 11-03 38-0 
then Tetraethyltin 
1-5 10-4 12-9 20-0 


| | 
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(Table show that the distribution coefficients 
the tissue samples were very similar that 
triethyltin. The procedure not satisfactory for 
quantitative measurements diethyltin, particu- 
larly small amounts, but more than was 
present tissues the ratio would lower than 
that triethyltin. would seem therefore that 
the substance the blood and liver samples which 
formed complex with dithizone was triethyltin. 
further proof the formation triethyltin 
from tetraethyltin vivo the absorption the 
dithizone complex formed CHCl, extracts 
blood samples from rats injected with tetraethyltin 
were examined. Aldridge Cremer (1956) have 
previously shown that the 
complex 8-75 converted into 
dithizone complex exposure strong light, the 
absorption maximum changing from 440 
485 Table shows the absorption maxima for 
before and after exposure 
sunlight for 5min. and those obtained after 
identical treatment blood sample from rat 
injected with tetraethyltin. The absorption curves 
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for the blood sample both before and after ex- 


posure intense light were identical shape and 
height with those the control triethyltin. 


Conversion tetraethyltin vitro 


Tissue slices. Systems were studied vitro 
attempt locate the site conversion tetra- 
ethyltin. Tissue slices liver, kidney, brain and 
small intestine and samples whole blood were 
examined for their ability convert tetraethyltin 
into triethyltin. Liver slices were the most active, 
although definite but small amount triethyltin 
was found kidney slices. The other tissues were 
completely inactive. Since vivo the highest con- 
centration triethyltin treated rats found 
erythrocytes was interest that triethyltin 
was found whole blood incubated with tetra- 
ethyltin. Fig. shows the rate formation 
triethyltin rat- and rabbit-liver slices incubated 
with tetraethyltin. For rat-liver slices the rate 
linear min. and there direct relation- 
ship between the wet weight liver tissue and the 
amount triethyltin found. 


Table Distribution organotin compounds between chloroform and water 


Blood ml.) and liver g.) samples were from rats injected with tetraethyltin, used Table The layers and 
refer the scheme Fig. Details their composition are given Methods. 


Organotin compounds 
A 


complexes 
(optical density 610 
A. 


Triethyltin Diethyltin layer Aqueous layer 
8-65 0-182 0-048 
26-0 0-545 0-156 
8-65 0-186 0-267 0-7 
17-2 0-39 0-219 1-78 
26-0 8-6 0-546 0-222 2-45 
Tissue samples from rats 
given tetraethyltin 
Blood 0-43 0-11 
0-605 0-194 
0-706 0-145 
0-276 0-104 
0-30 0-085 


Table Absorption maxima for complexes 


The blood sample ml.) was from rat killed min. after intravenous injection tetraethyltin (20 


Values are given optical-density readings the maxima two wavelengths. 


Before intense light 


After intense light 


A 
440 485 440 485 
Triethyltin (43 0-595 0-29 0-33 0-62 
Blood from rat given tetraethyltin 0-60 0-29 0-62 
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Triethyltin wet wt.) 


Time (min.) 


Fig. Conversion tetraethyltin liver slices. The 
results are plotted triethyltin found/g. liver 
slices wet wt. Each flask contained ml. tetraethyltin 
suspension Krebs-Ringer phosphate 
solution) with and liver slices (250 mg. 
average wet wt.). Incubation was 37° O,. 
Normal rabbit-liver slices; normal rat-liver slices; 
liver slices from rat injected with SKF 525-A 
(100 mg./kg.); rat-liver slices with 
(0-17 added vitro. 


SKF 525-A added vitro 0-17 liver 
slices was found slow the conversion tetra- 
ethyltin (Fig. 2). Cooper, Axelrod Brodie (1954) 
have shown that the rate metabolism hexo- 
barbital liver slices from rats treated with 
SKF 525-A markedly lower than that slices 
from untreated animal. Very similar results 
were obtained experiment which rat was 
given intraperitoneal injection SKF 525-A 
(100 mg./kg.) and killed min. later, and from 
which liver slices were prepared and the rate 
conversion tetraethyltin compared with that 
liver slices from untreated rat (Fig. 2). 

studies the metabolism foreign com- 
pounds several workers have noted differences 
the activity liver from male and female rats 
(Quinn, Axelrod Brodie, 1954; Davison, 1955; 
Fenwick, Barron Watson, 1957; Bois, Thush 
Murphy, 1957). Female rat-liver slices converted 
tetraethyltin slower rate than male rat-liver 
slices (Table 5). 


Conversion liver-homogenate preparations 


The fractions obtained differential centri- 
fuging techniques from liver 
pared medium were 
tested for their ability convert tetraethyltin 
(Table 6). The amount triethyltin produced 
each fraction has been expressed both total 
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Table Comparison tetraethyltin conversion 
liver slices male and female rats 


Details were described Methods. Male and female 
albino rats 200 were used. Values are averages for two 
rats each group. 

Triethyltin found wet wt.) 


min. min. min. 


90 min. 
Male 19-7 29-6 50-0 76-6 
Female 4-2 28-5 


Table Distribution the tetraethyltin-converting 
system rat-liver cells 


Each precipitate was made half the volume the 
original 10% (w/v) homogenate either 
Each flask contained liver suspension, DPN 
and tetraethyltin mg./flask) final 
volume ml. Flasks were incubated 37° 
for min., and determinations triethyltin were 


then made. 
Triethyltin found 
mg. 
protein 


Liver fraction 


Whole homogenate 9-0 34-0 
Cell debris nuclei 

Mitochondria 23-0 
Microsomes 1-34 
Supernatant 6-4 47-7 
Mitochondria supernatant 10-6 64-0 
Microsomes 13-8 81-0 


Table Effect addition fortifying constituents 
the conversion tetraethyltin rat-liver 
preparations 


Samples ml.) the supernatant from 10% (w/v) 
liver homogenate centrifuged 5000 for 
min. were added each flask and 
final concn. Magnesium sulphate nicotin- 
amide DPN and TPN final 
conen. were added where indicated total volume 
Incubation was 37° for min., and deter- 
minations triethyltin were then made. 


Triethyltin found 


Fortification mg. protein) 

None 9-45 
MgSO, 11-7 
Nicotinamide 48-0 
Nicotinamide MgSO, 
Nicotinamide DPN 64-0 
Nicotinamide +TPN 136-0 

161-0 


Nicotinamide 


strict comparison relative activities made. 
The microsome plus clear supernatant fraction was 
the most active and was double the sum the two 
fractions alone. 

Experiments were carried out determine the 
requirements the liver microsome plus super- 
natant fraction for maximal conversion activity. 
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Results are given Table and show the effects 
adding various combinations nicotin- 
amide, DPN and TPN. The highest results were 
obtained with the combination MgSO,, nicotin- 
amide and TPN. 

The rate conversion tetraethyltin rabbit- 
and rat-liver microsomes plus supernatant pre- 
parations shown Fig. rat liver the con- 
version was most rapid during the first min. 
the incubation. The overall activity rabbit liver 
was higher than that the rat. 


Time (min.) 


Fig. Rate conversion tetraethyltin rabbit- (O) 
and rat- (@) liver microsome plus supernatant fraction. 
Samples ml.) the supernatant from 10% (w/v) 
liver homogenate prepared 
medium centrifuged for 
min. were added each flask with tetra- 
ethyltin and DPN final conen. 
volume Incubation was 37° O,. Flasks 
were removed required time intervals for determina- 
tions triethyltin. 


Table Inhibition rat-liver microsome plus 
supernatant fraction conversion tetraethyltin 


volume ml.) the supernatant from 10% (w/v) 
added each flask with tetraethyltin and DPN 
final conen. and SKF 525-A, where indicated, 
volume 3ml. Incubation was 37° except 


where stated otherwise. 
Triethyltin found 


mg. protein) 


Treatment min. min. 
Control 55-5 117 
SKF 525-A (0-51 mm) 
SKF 525-A (0-17 mm) 
Liver fraction boiling-water 


bath for min. 
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The microsome plus supernatant preparation 
rat liver was sensitive SKF 525-A, 0-17 
causing over 80% inhibition the conversion 
tetraethyltin (Table 8). Incubation atmo. 
sphere almost completely inhibited the con- 
version, did placing the liver preparation 
boiling-water bath for 5min. just before use 
(Table 8). 


DISCUSSION 


The accumulated evidence presented the results, 
showing inhibition the metabolism brain slices, 
increase water content the brain and spinal 
cord and the identification triethyltin tissues 
animals given tetraethyltin, leaves little doubt 
that tetraethyltin converted into triethyltin 
vivo rats and rabbits. Triethyltin 
shown the main conversion product but has 
not been possible decide whether not any 
further breakdown products such di- and mono- 
ethyltin are formed small amounts. 

Since the symptoms poisoning from dose 
tetraethyltin develop only after initial latent 
period, and the increased inhibition brain-slice 
metabolism can closely correlated 
creased amounts triethyltin found the brain, 
seems reasonable suggest that the toxic action 
tetraethyltin due solely the triethyltin 
formed from the liver. Tetraethyltin added 
metabolism brain slices (Table 2). 

The conversion tetraethyltin vitro has many 
points common with the metabolism drugs 
liver preparations (Cooper Brodie, 1954; Davison, 
1955; Fenwick al. 1957). Liver slices have 
relatively high conversion activity without re- 
quiring additional cofactors, whereas liver-homo- 
genate preparations have low activity unless 
fortified. the initial fractionation experiments 
carried out both the saline medium and 
the activity the microsome plus 
clear supernatant fraction was equal only the 
sum the activity the two fractions alone. 
When the triethyltin found was expressed 
mg. protein the clear supernatant was 
the most active fraction. later experiments 
(Table 6), however, when the microsome and clear 
supernatant fractions were combined they showed 
stimulated activity. explanation can 
given for the difference the results, but since the 
values quoted were from later experiments there 
may possibly have been improvements the 
technique preparing the fractions. The mito- 
chondrial fraction always some con- 
version activity, even after had been washed with 
Brodie (1956) has recently re- 
viewed very fully the work drug metabolism 
liver preparations and poses the question ‘does 
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enzyme Some differences have been 
found, and yet, considering the wide diversity 
the chemical composition the drugs metabolized, 
the requirements and behaviour the liver micro- 
some plus supernatant fraction are remarkably 
similar. The conversion described this paper also 
conforms Brodie’s concept that the metabolism 
foreign compounds the liver makes the 
products less lipid-soluble than the original com- 
pound. The way which SKF 525-A acts 
known, but the concentration which inhibits 
the conversion tetraethyltin into triethyltin 
very similar that which inhibits metabolism 
hexabarbitone, amidopyrine pethidine 
(Brodie, 1956). 

correlation between the relative toxicity 
tetraethyltin vivo male and female rats and 
the difference their rates converting tetra- 
ethyltin into triethyltin complicated the 
fact that the two sexes differ their sensitivity 
towards triethyltin (Barnes Stoner, 1958). Thus 
although female rats convert tetraethyltin more 
slowly, they are nearly twice sensitive 
triethyltin male rats. 

The present results strongly suggest that the 
conversion enzymic. The 
chemistry the conversion has not been proved 
but would appear involve 
mechanism. attempt convert tetraethyltin 
chemically using the model system described 
Brodie, Axelrod, Shore Udenfriend (1954), 
which groups are produced reaction 
product hydrogen peroxide and ascorbic acid, 
seemed triethyltin too rapidly for its 
detection, whereas triethyltin relatively stable 
both vivo and biological material vitro. 
However, triethyltin can detected sample 
tetraethyltin after storage light and air 
for several weeks and some conversion occurs 
within few hours when dilute chloroform 
solution tetraethyltin exposed intense 
light. 

The finding that tetraethyltin can converted 
into triethyltin vivo may have some bearing 
the toxic mechanism lead, compound 
which has interested people for over years 
owing its widespread use petroleum. Both 
Buck Kumro (1930) and Machle (1935) have 
suggested that the action lead may 
due more water-soluble products decomposi- 
tion, particularly triethyl lead salts, but results 
have been published substantiate this idea. 


SUMMARY 


Triethyltin has been detected the tissues 
rabbits and rats given tetraethyltin intravenous 
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injection. The chemical behaviour the com- 
pound found the tissues compared with pure 
sample triethyltin and the two are shown 
almost identical. 

Brain slices prepared from rats given tetra- 
ethyltin show lowered metabolism vitro similar 
that brain slices from rats given triethyltin. 
Tetraethyltin added brain slices vitro 
without effect. 

Examination various tissue slices for 
their ability convert tetraethyltin 
ethyltin shows the liver the most active 
organ. 

The converting system the microsomes 
plus soluble material liver cells. requires 
nicotinamide, magnesium sulphate 
phopyridine nucleotide for maximal activity and 
inhibited lack oxygen and SKF 525-A 
(2-diethylaminoethyldiphenylpropylacetate hydro- 
chloride). 


would like thank Aldridge and 
Stoner for their help and interest and 
Potter for his valuable technical assistance. The 
compound SKF 525-A was gift from Carter 
Smith, Klyne and French Ltd. 
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South African Pilchard Oil 


THE ISOLATION AND STRUCTURE OCTADECATETRAENOIC ACID 
FROM SOUTH AFRICAN PILCHARD OIL* 


MATIC 
National Chemical Research Laboratory, South African Council for Scientific and Industrial Research, 
Pretoria, South Africa 


(Received October 1957) 


Toyama Tsuchiya (1935) isolated octadeca- 
tetraenoic acid (moroctic acid) from sardine oil 
and assigned 4:8:12:15-tetraene structure. 
Paschke Wheeler (1954) reported the presence 
tetraethenoid octadecanoic acid the fresh- 
water alga Chlorella but were unable 
isolate it. analogy with other acids isolated 
from this source, and from evidence, 
they considered 6:9:12:15-tetraene structure 
most probable. Recently, the isolation octadeca- 
6:9:12:15-tetraenoic acid from herring oil was 
reported Klenk Brockerhoff (1957). The 
evidence for the presence such acid pil- 
chard oil was also obtained this Laboratory (see 
Sutton, 1957, quoting unpublished work 
Whitcutt). 

The isolation octadecatetraenoic acid from 
South African oil 
Jenyns) now reported. The methods separation 
and identification were the same those described 
previous papers this series (see Silk Hahn, 
Whitcutt Sutton, 1956). The acid 
tetraenoic. 


EXPERIMENTAL AND RESULTS 


Melting points are uncorrected. General methods were 
described previous papers this series. 

Infrared and ultraviolet spectra were determined 
model and Unicam SP. 500 spectrophoto- 
meters respectively. 


Part Whitcutt, 1957 


Isolation the octadecatetraenoic acid 


Molecular distillation the unsaturated esters. The 
starting material for the isolation the octadecatetraenoic 
acid was distillate Table part this series (Whit- 
cutt, 1957), which was prepared lithium 
and urea-complex procedures for segregation the acids, 


Table Molecular distillation distillate 
Table part this series (Whitcutt, 1957) 


Fraction Distillation 
no. temp. 

60-70° 39-9 

9-7 

(Residue) 69-0 


Fraction Distillation Wt. 
no. temp. 
52° 

6-20 

3-71 

3-05 
13-20 


(Residue) 


— 


Vol 


and 
(134 
disti 
Frac 
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over 
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tion 
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Fig. 
10° 
the 
%, 


Vol. of methanolic 
0:01 N-KOH/sample 


Fig. 
Table Molecular distillation fraction (Ta 
Table hep 

Fraction Distillation Wt. 125 
no. temp. Arr 

64° 
1RR (Residue) 2-93 are 
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rit. 


19, 


Vol. 


and molecular distillation the esters. Distillate 
(134-8 g.) was subjected further series molecular 
distillations the still described previously (Sutton, 1953). 
Fractions shown Tables 1-3 were obtained. Fraction 
1RD (Table was saponified and treated the manner 
described previously (Whitcutt, 1957) give concentrate 
highly unsaturated acids (Found: equiv. wt., 271; 
iodine value, 378). part (10 mg.) was hydrogenated 
over catalyst and the hydrogenation product 
subjected chain-length analysis (Silk Hahn, 1954a). 
consisted palmitic, stearic and acids, 
representing about 50, and 14% respectively the 
total. 

Reversed-phase partition chromatography the concen- 
trate 1RD. When the concentrate mg.) obtained 
described above was chromatographed small 
(0-9 cm. 100 cm.) hydrophobic kieselguhr—heptane column 
(Howard Martin, 1950) clear separation into four com- 
ponents was obtained (Fig. 1). Unfortunately, the separa- 
tion was far less complete preparative scale (500 mg. 
material; column), shown Fig. 
Fractions 1-4 (Fig. were collected and treated 


described previously. Altogether, about 300mg. 
025 
ca 
er 
o 


120 
Eluate (ml.) 


150 180 


Fig. Chromatograia fraction (Table 3). Weight 
the sample, 10-7 mg. Column, heptane supported 
non-wetting kieselguhr, 0-9 100 cm. Temperature, 
rate, ml./hr. Arrows indicate changes 
the concentration eluting solvent (aqueous methanol; 
v/v). 


nN 


65% 


hod 


70% 


Vol. of methanolic 
0:01 N-KOH/sample 
° 


1200 6000 
Eluate 
Fig. Preparative chromatogram fraction 1RD 


3). Weight the sample, Column, 
heptane supported non-wetting kieselguhr, cm. 
125 cm. Temperature, 10°. Flow rate, 300 
Arrows indicate changes the concentration eluting 
solvent (aqueous methanol; v/v). Collected fractions 
are shown broken lines. 
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fraction representing octadecatetraenoic acid, was re- 
covered from seven chromatograms, but corresponding 
samples were not mixed. 

Fractions and Fig. were found consist the 
eicosapentaenoic acids respectively, 
which have previously been described this series (Silk 
Hahn, Whitcutt Sutton, 1956). 

Chain-length analysis fraction (Fig. indicated 
that was mixture C,, (about 70%) and (about 
30%) acids. had equiv. wt. 259, absorbed 3-68 moles 
hydrogen/equiv. over and apparently contained 
unidentified hexadecatrienoic acid. This fraction was 
not investigated further. 

Properties and structure the octadecatetraenoic acid. The 
octadecatetraenoic acid recovered from fraction Fig. 
was pale-yellow oil m.p. 57-4 refractive 
index, 1-4888 [Found: 78-2, Number 
double bonds/mol., 3-9 (hydrogen uptake over 
equiv. wt., 277; iodine value, 343. requires 
78-2, number double bonds/mol., 4-0; equiv. 
wt., 276; iodine value, 367]. 

Except for slight inflexion 235 3-3) corre- 
sponding autoxidation (Silk Hahn, 19545) the 
acid showed absorption the 210-300 region 
ultraviolet light (see Fig. 3). 

The infrared spectrum (Fig. was taken CS, solution 
w/w) except from 1650 1320 where CCl, 
solution w/w) was used. 

Hydrogenation product. Chain-length analysis the 
hydrogenation product showed the presence stearic acid, 
together with about palmitic acid and smaller 
amounts acid. 

The unsaturated acid (66 mg.) was hydrogenated over 
acetic acid and treated the usual way. 
After two crystallizations from hexane 4°, the saturated 
acid obtained had m.p. which was raised 
admixture with authentic stearic acid m.p. 
68-4-69-0° (Found: 76-1, equiv. wt., 279. 
requires 76-0, equiv. wt., 284). 

The X-ray long spacing the product was 39-994, 
compared with 39-81 for authentic stearic acid. Francis 
Piper (1939) give value 39-75 for the modification 
n-octadecanoic acid. 

The infrared spectrum the hydrogenated material was 
identical with that authentic stearic acid. 

Alkali isomerization. The absorption spectrum the 
octadecatetraenoic acid, isomerized under nitrogen for 
(Herb Riemenschneider, 1952), shown Fig. 

Oxidation products. The conditions oxidation and the 
chromatographic methods used were the same those 
described Whitcutt (1957). The ozonolysis product, 
when chromatographed, showed the presence malonic 
and adipic acid, and traces glutaric acid. 

further sample was oxidized with CrO, and the only 
volatile products obtained were acetic and propionic 
acid, 

Synthesis and degradation nonadecatetraenoic acid. The 
octadecatetraenoic acid (45 mg.) was used prepare the 
ester its higher homologue (see Whitcutt 
Sutton, 1956). The ozonized product was treated 
described previously, and the resulting dicarboxylic acids 
were chromatographed paper. Malonic and pimelic 


acid, together with traces adipic acid, were detected. 
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DISCUSSION 


Fig. shows that the resolution achieved 
reversed-phase partition chromatography the 
acid concentrate was imperfect. octadecatetra- 
enoic acid minor component pilchard oil and 
represented only about one-third the acid con- 
centrate, was necessary compromise between 
purity and the size samples collected mg. 
from each chromatogram) order obtain 
enough relatively pure material for further in- 
vestigation. Consequently, the isolated octadeca- 
tetraenoic acid contained some impurities situated 
both the left (hexadecatrienoic acid) and the 
right (eicosapentaenoic acid) side the chromato- 
graphic curve. The presence these impurities was 
reflected chain-length analysis, melting point 
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Fig. Ultraviolet absorption octadecatetraenoic acid 


before (broken line) and after (continuous line) alkali 
isomerization. For details, see text. 
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and X-ray long spacing the hydrogenated 
product, well the shape the ultraviolet 
curve obtained after alkali isomerization the 
unsaturated acid. The amount each impurity 
tended vary, depending where the fraction 
was cut. The analytical values showed, however, 
that the total amount impurities was not greater 
than 10%. The purity the isolated acid was 
therefore about 

The iodine value was the only analytical result 
appreciably different from the theoretical value 
for octadecatetraenoic acid. Similar 
acids often give low iodine values, and hexadeca- 
trienoic acid, which was present impurity, 
might have had some influence. Nevertheless, the 
difference too small accounted for the 
presence acetylenic allenic unsaturation. 

The spectral evidence excluded the possibility 
conjugated, trans-, terminal unsaturation 
(see Whitcutt Sutton, 1956). 

When the acid was alkali-isomerized, conjugated 
diene, triene and tetraene, together with small 
amounts pentaene, were formed. This indicated 
the presence groups (see 
Surville, Sutton Rivett, 1957). The small 
amount conjugated pentaene formed almost 
certainly due the presence eicosapentaenoic 
acid, but the presence traces C,, pentaenoic 
acid cannot excluded. Since this acid would 
have unsaturated the position, and since 
such acids are not found normally nature (see 
Paschke Wheeler, 1954), this possibility 
improbable. 

The oxidation products octadecatetraenoic 
acid were acetic, propionic, malonic, adipic and 
glutaric acid, the last being present 
After production the homologue and subsequent 
ozonolysis the resulting nonadecatetraenoic acid, 
malonic, pimelic and traces adipic acid were 
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Fig. Infrared absorption octadecatetraenoic acid. For details, see text. 
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detected. both cases malonic acid was far the 
most abundant product. The traces glutaric and 
adipic acid the oxidation products the C,, and 
acid respectively, can explained the 
presence and pentaenoic acid, from which 
the above dicarboxylic acids are the known oxid- 
ation products. However, the possible presence 
small amounts isomeric octadecatetraenoic 
acid cannot excluded. 

The main component the isolated material 
therefore has the structure: 

(all-cis-n-octadeca-6:9:12:15-tetraenoic acid). 

far all the other highly unsaturated acids 
isolated from pilchard oil which have been reported 
this series, well all the polyethenoid acids 
marine and mammalian origin isolated Klenk 
and his co-workers (see Klenk, 1957), exhibit 
methylene-interrupted conjugation. 


SUMMARY 


cis-n-Octadeca-6:9:12:15-tetraenoic acid has 
been isolated from South African pilchard oil, and 
some its properties have been determined. 

The author thanks Rapson for his interest 
this work, and Drs Sutton and Nunn and 
for valuable discussions. Microanalyses 
were done Miss Hughes, infrared spectra Miss 
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Albrecht and X-ray long spacings Herb- 
stein. The melting point the octadecatetraenoic acid was 
determined Mossop. This paper published 
with the permission the South African Council for 
Scientific and Industrial Research. 
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Changes the Distribution Phosphorus 
Platelet-Rich Plasma During Clotting 


Nuffield Institute for Medical Research, University Oxford 


(Received September 1957) 


the course work which has suggested that 
adenosine triphosphate concerned the accumu- 
lation biologically active amines platelets 
(Born, Ingram Stacey, 1956; Born Horny- 
kiewicz, 1957; Born Gillson, 1957) was ob- 
served that, when platelet-rich 
adenosine triphosphate rapidly disappears from the 
platelets. This paper reports these experiments and 
others made determine what happens during 
clotting the phosphate groups adenosine 
triphosphate and other phosphate compounds 
which are present plasma and platelets. Some 
the results have been published preliminary 
form (Born, 1957). 


METHODS 


All glassware used the isolation rabbit and human 
platelets was coated with silicone 1107 (Hopkin and 
Williams Ltd.). When pig platelets were used this was not 
always done, because pig platelets have little tendency 
clump even when contact with glass. 

Blood samples. Pig blood was obtained the slaughter 
house. Immediately after the pig was electrically stunned, 
the throat was slit and venous blood was collected 
polythene container immersed ice. Rabbit blood was 
obtained cardiac puncture. Human blood was obtained 
venepuncture. Blood samples were mixed with sodium 
citrate (final mm) prevent clotting. 

Platelets were isolated 0-2°. Blood was centrifuged 
500g for and supernatant plasma was 
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collected. This was called platelet-rich plasma and 
sample was used for counting platelets. When plasma 
had freed from platelets, small amounts were centri- 
for Most platelet sediments were almost free 
erythrocytes and leucocytes (less than one 
platelets). clot plasma was incubated 37° glass 
centrifuge tubes, which were not treated with silicone, and 
CaCl, was added give conen. 10-25 separate 
clot from the serum, the clot was squeezed the bottom 
the centrifuge tube with glass rod, and the tube was 
then centrifuged described for sedimenting platelets. 
Very little serum remained the clot. 

Samples plasma with and without platelets, separated 
platelets, serum and clot, were extracted first with aqueous 
trichloroacetic acid for acid-soluble compounds phos- 
phorus and then with for lipid 
phosphorus; the residue which remained was analysed for 
total phosphorus. 

Determination phosphorus. Phosphorus was deter- 
mined all fractions the method Berenblum Chain 
(1938). The details the procedure were follows: 

Acid-soluble phosphorus was extracted Ice-cold 
trichloroacetic acid was added the sample final concn. 
10% (w/v). The sample was dispersed glass homo- 
genizer and centrifuged for The clear 
supernatant was transferred another test tube. The 
precipitate was dispersed more acid, centrifuged again 
and the supernatant solution added the first. The solu- 
tion was extracted four times with equal volume ice- 
cold ether remove the trichloroacetic acid. The ether was 
removed bubbling nitrogen through the solution, which 
was then frozen until samples were analysed for 
inorganic phosphorus, phosphorus, adenosine 
triphosphate (ATP) and total acid-soluble phosphorus, 
follows: 

Inorganic phosphorus was estimated adding sample 
directly the acid molybdate reagent Berenblum 
Chain. 

min. phosphorus was the phosphorus set free 

ATP was determined the 
action (Strehler Totter, 1954). Extracts plasma and 
serum inhibited the luminescence; therefore internal 
standards were used when ATP plasma and serum was 
determined. 

acid-soluble phosphorus was determined 
sample which had been digested micro-Kjeldahl flask 
for hr. with 0-25 ml. conc. H,SO,, ml. 
water and ml. H,O, (30%, w/v). 

Lipid phosphorus was extracted from the trichloroacetic 
acid precipitate. The precipitate was washed twice with 
water and dried vacuum over was then 
extracted twice with (2:1, v/v) 
according Folch, Ascoli, Lees, Meath LeBaron (1951). 
Samples the extract were evaporated almost dryness, 
digested (see above) and analysed for phosphorus, giving 
lipid phosphorus. 

The residue which was left after acid-soluble phosphorus 
and lipid phosphorus had been extracted was resuspended 
water. Samples the suspension were digested and 
analysed for phosphorus give residue phosphorus. 

Protein nitrogen. This was determined the micro- 
Kjeldahl method. 
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5-Hydroxytryptamine. This was extracted from platelets 
described Hardisty Stacey (1955) and determined 


by assay on the isolated rat uterus, in oestrus, in a 2 ml. 
bath. 


RESULTS 

Concentrations adenosine triphosphate platelets 
Platelets were found contain ATP high con- 
centrations. Results are set out Table which 
includes figures, obtained the same and 
other methods, for the concentrations ATP 
other tissues permit comparisons made. 

Table shows that platelets contain higher 
concentration ATP than all other tissues far 
examined, except adrenal medulla and mammalian 
striated muscle. The concentration about equal 
that such muscle, and higher than that 
found the mitochondria heart muscle and 
liver. 


Distribution phosphorus platelets 


The distribution phosphorus platelets 
shown Table The platelets were extracted first 
with aqueous trichloroacetic acid and then with 
described under Methods, 
and extracts and residue were analysed for phos- 
phorus. 

human platelets, ATP phosphorus represented 
about total phosphorus soluble acid. 
one experiment with pig platelets the percentage 
was high 78%. phosphorus 
represented about one-half and lipid phosphorus 
about one-third, the total phosphorus the 
(moist wt.) (see also Fantl Ward, 1956), and the 
dry weight was one-fifth the moist weight. 
the assumption that phosphorus makes 
the weight lipids extracted chloroform- 
methanol, dry platelets contained phos- 
pholipid; Erickson, Williams, Avrin Lee (1939) 
found human platelets. 


Breakdown adenosine triphosphate 
during clotting 


When blood clots, platelets release 5-hydroxy- 
tryptamine into the serum (Rand Reid, 1951; 
Zucker Borrelli, 1955). This release does not 
depend the formation the fibrin clot (Hardisty 
Pinniger, 1956). view the possibility that 
platelets 5-hydroxytryptamine associated 
with ATP (Born al. 1956; Born Gillson, 1957) 
was interest determine whether ATP was 
also released from platelets during clotting. 

Citrated human plasma was divided into two 
portions. The platelets were removed from one 
centrifuging 25000g for 20min. 
Calcium was added both and they were incu- 
bated 37° for hr. The clots were separated from 
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lets the sera and the amounts 5-hydroxytryptamine serum. the ATP originally 
ned and ATP were determined platelets,clotsandsera. present the platelets, only 14%, 
Table shows the results. Before clotting, the were found the clot which contained the plate- 
platelets contained 5-hydroxy- what remained them, and none was found 
tryptamine; after clotting, the serum. This suggested that ATP 
lets hydroxytryptamine, 57%, were found the breaks down during clotting. 
ich Table Concentration adenosine triphosphate platelets compared with its concentration other tissues 
Conen. ATP 
Mean and range No. 
determi- 
far Species Tissue moist wt.) nations 
Rabbit Platelets 5-4 This paper 
(4-2 and 6-5) 
Pig Platelets This paper 
Man Erythrocytes 1-2 0-05 Gourley (1952) 
Rat Heart 1-7 0-03 Parker (1954) 
Rat Brain 0-13 Parker (1954) 
Rat Skeletal muscle 0-33 Parker (1954) 
Frog Skeletal muscle 2-2 Fleckenstein, Janke, Davies 
Krebs (1954) 
Cow Adrenal medulla 8-1 Blaschko, Born, D’Iorio Eade 
(6-5 and 9-8) (1956) 
protein 
Pig Platelets 266 This paper 
Man Platelets 225 This paper 
Rat Heart-muscle sarcosomes 138 Slater Holton (1953) 
Mouse Liver mitochondria 143 Kielley Kielley (1951) 
Cow Adrenal-medullary granules 1720 Blaschko al. (1956) 
(bottom fraction) 
Table Distribution phosphorus platelets 
Figures are atoms platelets. (1) indicates that the platelets were obtained from plasma which had been 
dialysed against phosphate-free solution; (2) represents the mean result other determinations which are not shown 
this table; (3) the figure calculated the assumption that the Fantl Ward (1956) value for min: represented two- 
thirds the ATP originally present the platelets. 
Acid-soluble 
Tnorganic Total Total acid- 
Pig platelets 41-4 33-6 9-3 96-2 
Pig platelets (1) 4-4 17-4 30-0 25-1 
Pig platelets (1) 52-6 33-9 
Pig platelets (1) 58-0 25-6 6-2 89-8 
Mean 28-3 29-6 6-0 84-1 
Human platelets (1) 9-5 21-0 30-0 5-2 56-2 
° 


(Fantl Ward, 1956) 
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Normal platelets contain much more ATP than 
adenosine diphosphate (ADP). The value for 
min. phosphorus trichloroacetic acid extracts 
platelets measures mostly ATP. the experi- 
ment referred to, the amount ATP which had 
broken down was and the amount 
min. phosphorus which had disappeared was 
atom. This suggested that ATP had lost 
more than the terminal phosphorus atom. 

The next series four experiments was made 
determine how rapidly ATP disappeared from the 
platelets after clotting was induced. One these 
experiments was follows: 

Human plasma containing 108 
platelets/ml. was incubated water bath 37° 
with 0-06 ml. m-CaCl, start the clotting pro- 
cess. The sample was immediately cooled ice and 
2-5 ml. samples were incubated with CaCl, the 
same way. Clotting became visible after about 
2min. Different samples were rapidly cooled and 
centrifuged after 10, and 30min. The 
sediments, consisting clot and platelet material, 
were extracted with trichloroacetic acid already 
described. Two control samples were incubated 
37° without added CaCl,. They did not clot. After 
and 30min. they were centrifuged and the 
sediments platelets were extracted. 

unclotted plasma the concentrations ATP, 
min. phosphorus and inorganic phosphorus 
the platelets remained practically constant. 
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clotting plasma, the other hand, during the first 
min. there was rapid decrease the concentra- 
tion ATP the platelets. After that the rate 
disappearance ATP slowed down. This shown 
Fig. which also shows that all the 5-hydroxy- 
tryptamine originally present the platelets was 


fe a 


i=) 


Platelet serum and platelet ATP (%) 


Time (min.) 


Fig. Disappearance ATP platelets which are 
present plasma during clotting, and the release 
5-hydroxytryptamine (HT) from them. The experiment 
described the text. Abscissa: time (min.) after 
addition CaCl, (final concn. ATP (as 


percentage that originally present the platelets); 


appearing the serum (as percentage that 


originally present the platelets). 


Table adenosine triphosphate and release 5-hydroxytryptamine 
when platelets are present during clotting 


Figures refer 11-5 ml. human plasma, which contained platelets/ml. 


ATP 
Conditions Source 

Clotting the absence Platelets (removed 370 24-4 
platelets before clotting) 

Clot About 0-6 

Ser Nil 

380 

Clotting the presence Clot 

platelets 
serum i 25-9 


Table Changes adenosine triphosphate, min. phosphorus, and inorganic phosphorus extracted 
from the clot when platelet-rich plasma clots 


Decrease 
min. not 


accounted for 
Ratio 


Time after Decrease Decrease Increase increase 
(min.) atoms) atoms) (umg. atoms) decrease ATP 
192 158 1-0 
211 197 0-4 


min 
min. 
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released into the serum during the time which 
ATP disappeared most rapidly from the platelets. 

Table shows the changes that occurred ATP, 
phosphorus, and inorganic phosphorus. 
The decrease the concentration ATP was 
accompanied disappearance min. phos- 
phorus, only part which was accounted for 
increase inorganic phosphorus. The difference, 
which the tenth minute represented almost 
exactly moles phosphate for each mole ATP 
broken down, disappeared from the trichloroacetic 
acid extracts. This suggested the possibility that 
during clotting phosphorus was transferred from 
ATP the platelets another component the 
platelets the plasma. After and min. 
increasing proportion the min. phosphorus 
which disappeared could accounted for 
inorganic phosphorus. After min. the increase 
inorganic phosphorus was almost much the 
decrease min. phosphorus. 

Table shows that inorganic phosphorus which 
was associated with the clot also increased when 
plasma clotted the absence platelets. The 
source this inorganic phosphorus was presumably 
the inorganic phosphorus present the plasma. 


Redistribution inorganic phosphorus and min. 
phosphorus between platelets and plasma during 
clotting 


The next step was find out whether the min. 
phosphorus which could not found trichloro- 
acetic acid extracts clot appeared the acid 
extract the serum from which the clot had been 
separated. the serum might appear either 
min. phosphorus inorganic phosphorus. 

order able determine the small 
changes inorganic phosphorus and min. 


Tabie Increase the amount inorganic phos- 
phorus the clot when platelet-free plasma clots 


Time after 


Inorganic 
adding 


atoms/ml. 


(min.) plasma) 
0 51 
20 76 
118 
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phosphorus which clotting might expected 
bring about this way was necessary, before 
inducing clotting, reduce the comparatively 
high concentration inorganic phosphorus (about 
atom/ml.) which present normal plasma. 
This was done dialysing plasma against large 
volumes bicarbonate solution 
(Umbreit, Burris Stauffer, 1951), which was 
modified contain phosphate, before the 
plasma was made clot. One experiment this 
kind was follows. 

sample citrated human plasma 
which contained platelets/ml., was centri- 
fuged sediment the platelets. Platelets and 
plasma were extracted with trichloroacetic acid. 
Another sample the same plasma (11-1 ml.) was 
having the following composition (mm): NaCl, 119; 
KCl, CaCl,, MgSO,, 1-2; NaHCO,, 25; 
dextrose, 1-12; ethylenediaminetetra-acetate, 3-6; 
(95:5) was bubbled through the solution, 

After dialysis the volume the plasma was 
11-4 ml. The changes which dialysis brought about 
the concentrations inorganic phosphorus and 
min. phosphorus the plasma are shown 
Table The inorganic phosphorus was reduced 
about one-twentieth its original concentration, 
and material that behaved like min. phosphorus 
the plasma was reduced about one-tenth. 
the platelets variable amounts min. phos- 
phorus disappeared while the amount inorganic 
phosphorus them increased slightly. After 
dialysis, there was about four times more min. 
phosphorus the platelets than the plasma. 

volume ml.) dialysed plasma was centri- 
fuged. The sedimented platelets and the super- 
natant plasma were extracted with trichloroacetic 
acid. Dialysed plasma (6-3 ml.) was incubated 
37° with CaCl, for min. The clot, which contained 
the platelets their remnants, was separated from 
the serum and both were extracted with trichloro- 
acetic acid. These extracts were analysed for 
inorganic phosphorus, phosphorus, and 
ATP. dialysis experiment was made with 
pig plasma containing 4-1 platelets/ml. 


Table Concentrations phosphorus platelet-rich plasma before 
and after dialysis against solution free phosphate 


Human plasma 


Pig plasma 


Before After Before After 
dialysis dialysis Change dialysis dialysis Change 
Inorganic plasma 452 432 1910 101 1809 
min. platelets 207 112 132 122 
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Table Changes the concentrations inorganic phosphorus, min. phosphorus, 
and adenosine triphosphate plasma and platelets during clotting 


Changes concentration are expressed atoms/ml. plasma for plasma constituents and 


content ml. plasma for platelet constituents. 


Increase inorganic platelets 
Increase inorganic plasma 
min. unaccounted for 
Decrease ATP platelets 

min. unaccounted for 

decrease ATP platelets 


Human plasma Pig plasma 


The results these two experiments are shown 
Table both experiments most the min. 
phosphorus disappeared from the platelets, but 
only quarter less was found the serum. The 
concentration inorganic phosphorus increased 
slightly the platelets and considerably the 
serum, and these increases accounted for half 
less the min. phosphorus lost the platelets. 
phosphorus the platelets remained unaccounted 
for. one the experiments 1-2 atoms, and 
the other exactly atoms, min. 
phosphorus disappeared for each ATP 
which disappeared from the platelets. This again 
suggested that the disappearance min. phos- 
phorus from the trichloroacetic acid extracts indi- 
the transfer more than one but not more 
than two phosphate groups platelet ATP 
unknown receptor substance. 


Redistribution phosphate plasma 
clotting with and without platelets 


discover where the min. phosphorus which 
disappeared from platelets was going, 
citrated human plasma, containing 
platelets/ml., was dialysed for against the 
phosphate-free solution. Plasma (15 ml.) was then 
centrifuged remove the platelets and the sedi- 
mented platelets were extracted with trichloro- 
acetic acid, water and 
described under Methods. Platelet-free plasma was 
made clot with CaCl, one series tubes and 
platelet-rich plasma another, each tube con- 
min. the contents one tube each series 
were mixed with trichloroacetic acid and extracted 
the same way the platelets. 

Fig. shows the changes the amounts 
phosphorus present the different fractions. The 
most striking change was the increase the 
amount phosphorus found the residue; this 
only when platelets were present during 
clotting but not when they were absent. The in- 
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Fig. Changes the concentrations phosphorus and 
nitrogen during clotting plasma. The experiment 
described the text. Plasma free platelets: 
residue. Plasma rich platelets: residue; 


crease was maximal after min. After min. 
the residue had lost most the extra phosphorus. 
The amount nitrogen the residue increased 
and decreased concurrently with the phosphorus. 
The concentration 10min. phosphorus de- 
creased before and during the increase phos- 
phorus the residue. The amount lipid phos- 
phorus also decreased, and together these decreases 
were almost equal the increase residue phos- 


| 


ple 
let 
thi 
all 
thi 
) 
cer 
) 
let 
fre 
| 
pla 
i 
Cle 


latelet 


and 


min. 
orus. 
rus. 

de- 


Vol. 


phorus. There was small increase inorganic 
phosphorus which may have come from min. 
phosphorus, although other sources were not 
excluded. None these changes was found the 
plasma which had clotted the absence plate- 
lets. seemed therefore that when platelets were 
present plasma during clotting, some acid- 
labile (10 min.) phosphorus and part the lipid 
phosphorus became associated with the residue 
such way that they could longer extracted 

The total number experiments made in- 
vestigate these changes was nine. the first 
three, pig plasma was used and clotting was 
allowed 37° for hr. before trichloro- 
acetic acid was added. two these experiments 
the changes were qualitatively similar those 
which have just been described; the third the 
changes were small within the error 
the methods used extract phosphorus and 
determine it. 

six experiments human plasma was used. 
three, the changes were all similar those which 
have been described. the other three, the 
decreases min. phosphorus and lipid phos- 
phorus were also found, but determinations 
were made changes phosphorus the residue. 
The magnitude the changes observed varied 
from one experiment another. 


Evidence that the decrease extractable lipid 
phosphorus occurred mostly the plasma 


The question arose whether the decrease 
extractable lipid phosphorus occurred 
platelets the both. The pro- 
cedure used answer this question exemplified 
the following experiment. 

Pig plasma (120 ml.) containing plate- 
lets/ml. was dialysed for hr. against phosphate- 
free bicarbonate solution. After 
dialysis the volume the plasma was 128 ml. 
sample was analysed for total phosphorus. 
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volume (50 ml.) dialysed plasma was centri- 
fuged and the sediment platelets extracted. The 
supernatant plasma, poor platelets, and ml. 
dialysed plasma rich platelets were incubated 
and made clot. After min. the clots and sera 
were separated. This took about min. more, 
that the time from the addition calcium the 
addition trichloroacetic acid was about hr. 
The clots and sera were extracted separately. 

known that when platelet-rich plasma clots, 
the platelets become entangled the clot and 
sediment with the clot centrifuging. Therefore 
the amount phosphorus left the platelets 
after clotting was: phosphorus found the clot 
formed platelet-rich plasma minus phosphorus 
found the clot formed platelet-poor plasma. 
The difference between this value and phosphorus 
the platelets before clotting represented phos- 
phosus lost from platelets during clotting. 

Table shows the concentration phosphorus 
the extracts and residues platelets, clots and 
sera. The results are expressed pmg. atoms 
phosphorus corresponding either 
dialysed plasma the platelets which were 
present ml. dialysed plasma. The gains and 
losses phosphorus platelets and sera are repre- 
sented the columns Fig. 

The results were follows: (1) Almost much 
acid-soluble phosphorus was lost the platelets 
was gained the serum. This was reasonable 
view results already mentioned, which suggested 
that although some ATP phosphorus was trans- 
ferred the residue, clotting continued for more 
than min. did this experiment, this phos- 
phorus once more became acid-soluble. (2) Plate- 
lets neither gained nor lost extractable lipid phos- 
phorus, whereas the plasma lost great deal. 
(3) Platelets lost little phosphorus associated with 
the residue, and the residue the plasma (or 
serum) gained very much more. The conclusion was 
that during clotting considerable amount 
lipid phosphorus the plasma became attached 


Table Concentrations phosphorus the sera, clots and platelets plasma 
clotted without and with platelets 


Results are expressed atoms phosphorus/ml. plasma for sera and clots and atoms phosphorus/ 
platelet content ml. plasma for platelets. Total ml. platelet-rich plasma was atoms. 


soluble acid and water 


Platelets 171 119 
platelet-poor Nil Nil 1590 (95% 
plasma 
Corresponding serum Nil 891 245 
Clot formed platelet-rich 142 23) 
plasma 1620 
Corresponding serum 219 139 774 
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the residue the serum such way that 
methanol. Moreover, since the increase residue 
phosphorus occurred the serum and not the 
clot, the lipid phosphorus had apparently attached 
itself serum protein other than fibrin other 
proteins associated with fibrin the clot. 

Other experiments this kind confirmed these 
conclusions. However, two them part the 
extra phosphorus which became associated with 
the residue the serum was derived from lipid 
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Total acid- Residue P 


Lipid P 
soluble 


150 

Fig. Changes the concentrations total phosphorus 

the trichloroacetic acid extract, chloroform—methanol 

extract and residue, platelets and plasma (serum) 

before and after clotting. The experiment described 

the text. Filled-in columns represent platelets; open 
columns represent plasma (serum). 
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phosphorus the platelets. The results one 
allowed clot for min., are given Table 
The recoveries phosphorus were good, and 
comparing the figures for the fractions platelet- 
rich plasma with those platelet-free plasma, the 
following conclusions could drawn. During 
clotting the serum lost atoms lipid 
phosphorus. The loss from the platelets [given 
229 (245 was 55, making the total loss lipid 
phosphorus atoms. The gain residue 
phosphorus the platelets was nil and the 
serum atoms. The difference, 413- 
375 phosphorus, must have come 
from acid-soluble phosphorus. 


DISCUSSION 


Some time ago platelets were found contain 
remarkably high concentrations ATP (Born, 
1956a) and the problem arose whether any 
particular functions could assigned platelet 
ATP which might relevant the physiological 
functions platelets. 

One line evidence suggests that ATP may 
concerned the accumulation and retention 
5-hydroxytryptamine and adrenaline platelets 
(Born al. 1956; Born Hornykiewicz, 1957; 
Born Gillson, 1957). The observation that the 
onset clotting platelet-rich brings 
about the rapid disappearance ATP from the 
platelets raised the possibility that platelet ATP 
might also have function the process blood 
clotting. 

The results presented this paper suggest that, 
when clotting begins platelet-rich plasma, each 
mole ATP the platelets loses more than mole 
but not more than moles phosphate and that 
this phosphate becomes temporarily attached 
the residue which left after plasma has been 
thoroughly extracted with trichloroacetic acid and 


Table Decrease lipid phosphorus plasma and platelets, and increase residue phosphorus 
plasma, during clotting platelet-rich plasma 


Amounts correspond ml. the original plasma. 


clotting 


Clotting the absence 
platelets 


Clot 
Serum 
Clotting the presence Clot 
platelets 
Serum 


Source 
Platelet-rich plasma 


Platelets (removed 
before clotting) 


Lipid Residue 
atoms) atoms) 
2580 852 
229 
2330 819 
2630 860 
245 
2010 1232 
2255 1273 
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with fat solvents. Moreover, shortly after ATP 
begins disappear from the platelets some the 
phospholipids present plasma 
become less extractable 
and they too become associated some way with 
the residue. 

The changes the concentrations acid-soluble 
and lipid phosphorus were small, both absolutely 
and also relation the total amounts phos- 
phorus present the extracts. The question arises 
whether the extraction procedures were adequate 
for removing acid-soluble and fat-soluble phos- 
phorus turn from the plasma. 

Trichloroacetic acid general use for extract- 
ing acid-soluble phosphorus from tissues and for 
precipitating their proteins the same _time. 
Norberg Teorell (1933) and Fawaz, Lieb 
Zacherl (1937) used trichloroacetic acid for this 
purpose with blood, before extracting the pre- 
cipitate with ethanol and ether obtain the phos- 
pholipids. the experiments here reported two 
extractions were made with the acid. Then the 
precipitate was washed twice with water before the 
phospholipids were extracted. unlikely that 
any acid-soluble phosphorus was left behind. 

Similarly, likely that two extractions with 
removed all phospholipid 
except that bound tightly some way protein. 
Thus Table shows that the amount lipid phos- 
phorus extracted from human plasma was 
ml., which corresponds nearly phos- 
pholipid/ml. Others have found very similar con- 
centrations phospholipid human plasma: 
Bloor (1921) found 1-92 mg. phospholipid/ml. 
Erickson, Avrin, Williams (1940) found 
1:89 and Taurog, Entenman Chaikoff (1944) 
found mg./ml. 

The residue which left after extracting plasma 
with trichloroacetic acid, water and chloroform— 
methanol mostly protein. The changes described 
this paper suggest therefore that when plasma 
clots the presence platelets, both acid-soluble 
phosphorus and phospholipid are bound protein 
and that phospholipoprotein formed. 
possible relevance this the process clotting 
that the course time the formation and 
breakdown this phospholipoprotein very 
similar that plasma ‘thromboplastin’ (Biggs, 
Douglas Macfarlane, 1953). Moreover, when 
plasmas from different people clot, the amounts 
‘thromboplastin’ formed vary greatly (Macfarlane, 
1956); this may correlated with the observed 
variability the amount phosphate which 
transferred from platelet ATP and from phospho- 
lipid the residue different plasmas. Little 
‘thromboplastin’ formed clotting plasma 
when platelets are few absent (Hardisty 
Pinniger, 1956), and the absence platelets 
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there was significant increase the amount 
phosphorus the residue. may therefore 
suggested that the changes described this paper 
could represent the formation and breakdown 
‘thromboplastin’ plasma. 


SUMMARY 


Platelets the blood man, pig and rabbit 


contain high concentrations adenosine triphos- 
phate. 


When citrated plasma, rich platelets, 


obtained from man pig and 37°, the 
adenosine triphosphate the platelets rapidly 
breaks down. Between and moles phosphate 
are transferred from each mole adenosine tri- 
phosphate the residue left after serum has been 
extracted successively with aqueous trichloroacetic 
acid, water and 

During clotting platelet-rich plasma the 
amount phosphorus extractable from plasma 
chloroform—methanol also decreases, and the phos- 
phorus the residue increases approximately 
the same amount. These changes are maximal from 
10-30 min. after calcium added. Later the 
amount phosphorus decreases the residue and 
increases the trichloroacetic acid extract. 

These changes are slight absent when 
plasma clots without platelets. 

The results suggest that when platelet-rich 
plasma clots, phospholipoprotein formed which 
later broken down. Various considerations suggest 
that this material may plasma ‘thromboplastin’. 


his interest and for many valuable discussions; Ethel 
Bidwell for introducing the methods used for 
collecting and isolating platelets and for other help; and 
Miss Janet Bricknell for excellent technical assistance. 
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The Estimation Free Sugars Skeletal Muscle 
Codling (Gadus callarias) and Herring (Clupea harengus) 


JONES 
Torry Research Station, Aberdeen 


(Received August 1957) 


Data relating free sugars the skeletal muscle 
fishes are Moreover, many the early 
studies (e.g. MacPherson, 1932) 
lacked specificity and now well-established 
that large excesses amino nitrogen such 
occur extracts fish muscle, cause serious in- 
accuracy with such procedures (Hewitt, 1938; 
Strange, Dark Ness, 1955). Tarr (1954) has 
the chromatography concentrated 
ethanolic extracts, followed direct photometry 
the sprayed papers evaluate sugars the flesh 
some species the Canadian Pacific seaboard. 
this Laboratory, both interference ‘salt’ and 
fat and low recoveries ribose accompanied 
similar manipulation extracts codling and 
herring muscle. The present paper shows that the 
loss ribose results from Maillard (1912) type 
reactions with amino nitrogen. 

attempting overcome these difficulties use 
had been made number techniques em- 
ployed current biochemical practice. The removal 
salts electrodialysis (Consden, Gordon 
Martin, 1947) and ion-exchange resins common- 
place the literature. Partridge (1948) used the 
latter principle remove substances interfering 
with the chromatography sugars apple juice 
but Hulme (1953) demonstrated that strongly basic 
resin the form employed (in conjunction 
with strongly acid resin form) limited the 
recovery glucose. Phillips Pollard (1953) 
favoured resin mixture containing strongly, basic 
resin form, which did not degrade glucose. 
Strange al. (1955) study reported while the 


present work was progress, removed the amino 
acids casein hydrolysate mixture containing 
weakly basic resin form before the 
determination glucose media. 

This paper describes the effects various pro- 
cedures the recovery free sugars from extracts 
muscle and reports the danger serious 
artifacts which may have relevance sugar 
analysis other biological extracts 
short preliminary communication some the 
work has appeared (Jones, 


EXPERIMENTAL 
Materials 


Codling. These were landed alive from R.V. ‘Keelby’ 
and maintained aerated sea water until killed blow 
the head. For post-mortem studies the fish were gutted 
and packed ice ambient temperature 
Sterile codling muscle was dissected from the anterio- 
dorsal part the fillet, immediately after death, under 
aseptic conditions: for studies autolysis, samples 
Petri dishes. 

Herring. These fish, hr. dead and stored about 
0°, were made available through the kindness the Marine 
Laboratory, Scottish Home Department, Aberdeen. 

Resins. Amberlite resins IR-120, IR-4B (Rohm and 
Haas Co., Philadelphia, Pa., U.S.A.); Dowex 50; Dowex 
(Dow Chemical Co.); sulphonated polystyrene, nominal 
divinyl content (PSX), De-Acidite (Permutit Co. 
Ltd.). The resins were used the form and 
reported the text. 

Nucleotides, ribosides and sugar phosphates. Adenosine 
mono-, di- and tri-phosphates were supplied the Sigma 
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Chemical Co., Louis, Mo., U.S.A. Ribosides, adenosine 
and inosine were supplied Light and Co. Hexose 
disphosphate (Ba salt) was presented Long. 
Glucose 6-phosphate was supplied the Sigma Chemical 
Co. 

Chromatographic solvents. These were redistilled before 
use. 


Methods 


Preparation extracts. (a) Trichloroacetic acid extracts: 
muscle (10 g.) was macerated into ml. 10% (w/v) 
trichloroacetic acid (TCA) and centrifuged. (b) Ethanol 
extracts: muscle was macerated into 
ethanol and the residue re-extracted three times into 80% 
(v/v) ethanol total extract volume 250 ml. This 
procedure assumed 80% (w/w) water the muscle. 
Moisture was determined parallel samples correct 
subsequent calculations the 80% (w/w) 
Chloroform-separated ethanol (CSE) extracts: chloroform 
was added 3:1 (v/v) ratio portions ethanol extracts 
prepared above. The upper, aqueous phase which 
separated contained the free sugars. Awapara (1948) used 
similar technique for free amino acid analysis: useful 
removing fat and the little protein soluble 80% (v/v) 
ethanol. 

Lyophilization. This was carried out over centri- 
fugal freeze-drying apparatus. 

Reducing-sugar estimations. The method Somogyi 
(1945) was used. 

‘Direct’ chromatography extracts. (a) Portions (10 ml.) 
TCA extracts were continuously extracted with ether 
remove excess acid and lyophilized. They were stored and 
applied chromatograms described below. Chromato- 
grams were developed (decending, phenol- 
(no HCN), collidine acid 
(Partridge, 1948) 25°. Ethanol extracts (50 ml.) were 
35°. This essentially the procedure Tarr (1954). 
Portions were chromatographed above. (c) CSE 
extracts ml.) were lyophilized and stored until 
immediately before use. Water was added and 
portions were applied Agla microsyringe Whatman 
no. paper successive volumes; spots were dried 
stream cold air minimize undesirable reactions (see 
Results). 

Chromatography electrolytically desalted extracts. TCA 
and CSE extracts were desalted apparatus (Shandon 
Scientific Co.) based that Consden (1947). The 
chamber this apparatus has provision for cooling 
other than the flow chilled sulphuric acid. minimize 
undesirable reactions the temperature was maintained 
below 40° switching off the current periodically. 
Desalted extracts were lyophilized, stored and chromato- 
graphed described above. 

Chromatography extracts after removal salt and amino 
compounds ion-exchange resin. Systems mixed resins 
(all 1:1, w/w) tested were: (a) Amberlite IR-120 
100-200 mesh): Dowex (CO,?-, 200-300 mesh); 
Amberlite 100-200 mesh): Amberlite IR-4B 
60-100 mesh); (c) PSX (H*, 100-200 mesh): De- 
Acidite 100-200 mesh); Dowex (H*, 
400 mesh): Amberlite mesh). 

Resins were prepared the desired form columns and 
sucked just free from surface water the pump. Excessive 
drying was avoided absorption water from extracts 
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under such conditions leads high sugar values. The resins 
were stored sealed bottles avoid evaporation. With 
different mesh sizes, resins may recovered differential 
decantation. 

Resin mixtures g.) were shaken batches room 
temperatures (about 18°) with CSE ether-extracted TCA 
extracts equivalent tissue. Deionized suspensions 
were centrifuged and samples lyophilized before chromato- 
graphy described above. 

Evaluation sugar chromatograms. After drying 60° 
papers were sprayed both sides with aniline hydrogen 
(Partridge, 1949). The paper was heated 
for min. 105° and sugar spots (ribose and glucose were 
identified the extracts) were eluted into 2-0 ml. acetic 
acid for absorptiometric evaluation against chromatogram 
standards Blank values equivalent areas 
adjacent spots were determined the same time. This 
procedure was similar that Baar (1954) that spots 
were eluted into acetic acid. differed the lower 
quantity sugar estimated comparison with 
25-200 and that chromatograms were sprayed rather 
than immersed aniline hydrogen phthalate reagent, 
which gave lower ‘blank’ values and reduced diffusion 
the spots. all quantitative measurements standard 
sugar solutions and extracts have been subjected 
identical preparatory treatments. The accuracy was 
+5-6% the 5-10 level. 

Amino acid analyses. Amino acids were estimated 
two-dimensional chromatography and 
elution (Jones, 1955). 


RESULTS 


Chromatography untreated extracts. The direct 
vacuum-concentrated ethanol extracts and ether- 
extracted TCA extracts gave chromatograms with 
poor resolution solvents other than 
acetic acid (cf. Block, Durrum Zweig, 1955). 
brown pigmentation formed the origin during 
the application clear extract. The pigment did 
not migrate the solvents tested and darkened 
after spraying and heating. Controls showed that 
this was not due reaction with aniline hydrogen 
phthalate reagent. Glucose traces 
ribose were identified extracts muscle from 
codling days post mortem. When glucose and 
ribose were added levels equivalent mg./ 
100 tissue extracts muscle from codling, 
both freshly killed and iced for days, satis- 
factory recoveries glucose were 
obtained, but those ribose ranged from 
Low recoveries ribose were accompanied 
increases the density brown pigment the 
origin the chromatograms and seemed reason- 
able suppose that loss ribose could result from 
reactions between the sugar and muscle amino 
compounds (Maillard, 1912). These would readily 
under the conditions low humidity during 
the successive applications extract concentrate 
the chromatogram. The largest sources amino 
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nitrogen present lyophilized CSE extracts are 
ammonia, trimethylamine, amino acids and an- 
serine (Jones, 

Effects electrolytic desalting. Ammonia and 
trimethylamine are particularly reactive with 
sugars and these were the sole agents ribose 
destruction appeared that they might removed 
electrolytic desalting. During the course 
such treatment TCA and CSE extracts was 
noted that they turned first pink and then brown 
colour; the brown pigment remained the 
origin during chromatography. Levels glucose 
relative those untreated TCA and CSE 
extracts (muscle from codling stored ice for 
tissue, whereas, contrast with zero recoveries 
ribose from controls, 3-1 and 5-2 mg./100 were 
recovered from electrolytically desalted CSE and 
TCA extracts. These results could not interpreted 
proving that substances interfering with the 
determination ribose had been removed: 
‘browning’ had increased considerably and, while 
other factors [e.g. degradation 
histidine (Jones, 1956b)] could cause this, there was 
possibility that although ribose and amino acids 
were reacting, the sugar was also being liberated 
from bound forms. This was confirmed 
experiments which NaCl solution 
adenosine inosine with and without syn- 
thetic amino acid mixture (taurine, 
glycine, 0-41 mg.; alanine, 0-35 mg.; glutamic acid, 
0-163 mg.; 0-136 mg.; leucine, 
0-154 mg.; valine, 0-081 mg.; B-alanine, 0-025 mg.; 
aspartic acid, 0-045 mg.; serine, 0-028 mg.; lysine, 
mg.; cysteic acid, 0-025 mg.) equivalent 
the free amino acid composition fresh codling 
muscle (Jones, Ribose was liberated from 
when treated alone and these levels were re- 
duced and the presence amino 
acids. 

Removal interfering substances ion-exchange 
resins. appeared that loss ribose could due 
reaction with muscle amino acids the absence 
ammonium and trimethylammonium ions. 
remove interfering amino compounds and salts, 
while the same time eliminating the liberation 
sugars from bound forms, treatment with mixtures 
ion-exchange resins was attempted. CSE 
extracts codling muscle days post mortem 
0°) were lyophilized and chromatographed 
acid. Portions the same extracts 
(equivalent tissue) were shaken with resin 
mixtures, described the Experimental section, 
before lyophilizing and chromatography. With 
both strong acid (H*)-strong base (CO,?-) and 
strong acid base systems con- 


JONES 


siderable improvement the quality 
grams and the recovery ribose was 
After min. shaking period with the different 
resin mixtures, extracts codling muscle days 
post mortem) still contained some the original 
taurine (120 tissue) together with 
traces aspartic and glutamic acids. This residual 
amino nitrogen was not significantly 
reactive under the conditions analysis: re- 
coveries from mg. ribose and mg. glucose 
water containing 200 mg. taurine, 
glutamic acid and mg. aspartic acid 
were and after lyophilizing and chromato- 
butanol—acetic acid. 

The actions the resin mixtures number 
muscle metabolites containing glucose 
were examined. free sugar was liberated from 
solutions adenosine triphosphate, adenosine 
diphosphate, adenylic acid, diphosphopyridine 
nucleotide, inosinic acid, tested physiological 
concentration (Jones Murray, 1957) with 
shaking period. Nor were fructose 1:6- 
diphosphate, glucose 6-phosphate inosine 
with liberation free sugar where 

ml. solutions were shaken with mixtures 
highest concentration this riboside measured 
fresh spoiling codling muscle this Laboratory 
less than 0-4 mg./100 tissue and the riboside 
has not been detected herring. The maximum 
inaccuracy from this cause codling muscle was 
was well within the standard error the chromato- 
graphic procedure muscle samples where the 
artifact could occur. 

From the preceding experiments appeared that 
desalting and removing amino compounds 
suitable mixtures ion-exchange resins provides 
basis for reasonably accurate analysis free 
sugars codling muscle. Results such analyses 
(Fig. Table indicate the presence variable 
amounts glucose and the absence ribose the 
muscle codling killed exhausted condition, 
with liberation ribose after death: analyses 
with the other resin mixtures listed the 
mental section were very similar. Reductometric 
analysis untreated extracts fresh and spoiling 
muscle gave values the order 
glucose Recovery experiments 
(Table with extracts herring indicated that 
the procedure was also satisfactory for that 
species, observation recently confirmed more 
extensive studies (Dr Hughes, personal 
communication). Results with the other resin 
mixtures were again similar. Ribose and glucose 
values were the same order those codling. 
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different fish, dead for hr. and kept 0°, 
values ranged from 5-1 glucose/ 
100 and mg. ribose/100 (12 samples). 


DISCUSSION 


The skeletal muscle fishes and many other 
marine animals contains very high levels 
‘extractive’ nitrogen present largely amino 
form. Such quantities amino nitrogen are known 
interfere with reductometric analysis (e.g. 
Hewitt, 1938) and the present paper shows that 
their presence may also result low recoveries 
Maillard reaction during the application ex- 
tracts the paper. Such reactions would most 
likely occur under the near-dry conditions ob- 
taining during successive applications 
up’ spots and the presence naturally occurring 
catalysts. finding (Tarr, 1954) that 
similar procedure satisfactory may explained 
the greatly differing quantitative and 
tative patterns nitrogenous substances extracted 
from different species 1953, 1955). 

The removal ‘salt’, ammonium ion and tri- 
methylammonium ion electrodialysis (Consden 
al. 1947) unsatisfactory far ribose was 
both liberated from bound forms and eliminated 
reaction with amino compounds not removed the 
cathode (cf. Smith, Stevens Jepson, 1956, for 
other examples degradation occurring during 
electrolytic desaliing). 

Suitable mixtures sulphonated polystyrene 
resins hydrogen form with either strongly basic 
resins carbonate form weakly basic resin 
hydroxyl form are equally effective for manipula- 
tion batches the removal interfering salt 
and amino compounds, but the former precludes 
shaking closed vessels. The observed hydrolysis 
adenosine sulphonated polystyrene resin 
not source significant error under the conditions 
muscles, but the author not aware 
reports this action and could lead artifacts 
the indiscriminate use such resin forms with 
other biological extracts and fluids. While this 
work was progress report Strange al. 
(1955) appeared describing the use Amberlite 
IR-120 (H*)-IR-4B remove the amino 
acids casein hydrolysate from bacteriological 
media for the reductometric analysis glucose. 
The present study shows that similar procedure 
does not remove taurine common constituent 
tissue extracts) and that, unlike reductometry, 
chromatographic analysis not affected this 
compound. 

Analyses muscle extracts have shown that 
free ribose absent from the muscle living 
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Ribose (mg./100 g.) 
> 


Days 


Fig. Liberation ribose sterile codling muscle 
0°. Trawled codling were killed blow the head. 
Samples sterile muscle were dissected from the anterio- 
dorsal part the fillet and stored sealed Petri dishes. 
CSE extracts were deionized with Amberlites 
mixture and lyophilized. Ribose was 
estimated chromatographically. Points are means 
five 


Table Free glucose the skeletal muscle 
trawler codling 

Codling were killed blow the head. Muscle was 
dissected immediately and CSE extract equivalent 
Amberlite IR-4B (1:1, w/w). Deionized extracts 
were lyophilized, chromatographed butanol-acetic acid 
and glucose was estimated absorptiometrically. 
estimates per sample were made. Results are expressed 


Fish no. 

1 2 3 4 5 
12-4+0-5 17-8-+0-8 32-9+0-8 7:3+04 19-1+0°8 
6 7 8 9 10 
21-5410 13-9406 29-4415 9-5+0-4 13:3+40-7 


Table Recovery glucose and ribose from 
deionized CSE extracts herring muscle after 
chromatography 


Extract with and without added sugars was treated with 
resin mixture (see Methods and 
Table 1). Results are means three determinations and 
expressed mg./100 tissue equivalent.* Fish were 
kept for 14-20 hr. after death 0°. Percentage recoveries 
are given parentheses. 


Glucose Ribose 
No. mg. mg. 
addition added addition added 
18-6 38-4 25-1 (97%) 


mixtures were very similar. 
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codling and liberated autolytic systems after 
death, agreement with the work Tarr (1955) 
other species. Codling different degrees 
exhaustion had levels glucose muscle 
herring were similar. 

Details changes the sugar content muscle 
during commercial chill storage and processing will 
described elsewhere. 


SUMMARY 


Ribose extracts herring and codling 
muscles reacts readily with nitrogenous consti- 
tuents during application chromatograms. 
Glucose stable. 

Electrolytic 
estimation ribose. 

Sulphonated-polystyrene resins hydrogen 
form hydrolyse adenosine room temperature but 
the error introduced thereby muscle analyses 
insignificant. 

Removal salt and amino nitrogen 
suitable mixed ion-exchange resins followed 
lyophilizing and quantitative chromatography 
gave estimate glucose and ribose codling 
and herring accurate +6% 


desalting interferes with the 


The work described this paper was carried out part 
the programme the Food Investigation Organisation 
the Department Scientific and Industrial Research. 
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The Oligosaccharides Human Milk 
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AND HYTTEN 
Obstetric Medicine Research Unit (Medical Research Council) Midwifery Department, 
Foresterhill, University Aberdeen 


(Received September 1957) 


The recognition constituent sugar 
oligosaccharides obtained from human milk was 
reported Kuhn (1952) resulting from the 
work one his associates, Gauhe (see also 
Kuhn, Norris, Rose Zilliken, 1952). 
Since that time Kuhn and his colleagues have 
characterized four fucose-containing compounds 
from this source: trisaccharide called fucosido- 
lactose (Kuhn, Baer Gauhe, 1955, 1956a), two 
pentasaccharides called ‘acto-N-fucopentaose 
and lacto-N-fucopentaose IT, and hexasaccharide, 
lacto-N-difucohexaose (Kuhn, Baer 
The last three compounds are all fucose 


lactose, referred Kuhn and his associates 
(Kuhn Baer, 1956). 

Montreuil (1957) has also reported the occurrence 
oligosaccharides human milk which, addition 
those identified Kuhn’s laboratory, include 
second fucosido-lactose compound and least 
five other substances which fucose present. 
These has characterized the molecular pro- 
portions their constituent monosaccharides— 
galactose, glucose, fucose and acetylglucosamine. 
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result our own independent observations 
the presence fucose human milk (Hytten, 
Reithel, Fletcher Malpress, 1954) and having 
regard the possible metabolic importance the 
vestigated this work some aspects their nature 
and distribution milk samples from clinically 
normal women. Preliminary accounts parts 
this work have been given elsewhere (Hytten 
Malpress, 1957; Malpress Hytten, 1957). 


EXPERIMENTAL 


Collection and pre-treatment milk samples. Four hours 
after breast feed both breasts were completely emptied 
milk electric Humalactor breast pump (Ratcliff, 
1951; Hytten, 1954); the collection took 15-20 min. The 
combined milk sample which varied from ml. was 
immediately mixed with one-ninth its volume 50% 
(w/v) trichloroacetic acid. All samples were then stored 
polythene bottles for several months. When 
required for analysis the samples were thawed, filtered 
through pad Celite 535 (L. Light and Co.) and the acid 
filtrates were extracted four times with 1-5 vol. ether. 
The aqueous layers were then neutralized the cautious 
addition and traces ether were removed 
air current. Small samples were then taken for 
estimation total fucose; the main solutions ethanol 
was added concentration (v/v) and the 
adjusted 


Chromatographic methods 


Column chromatography with (Whistler 
Durso, 1950). The solutions were added 
columns 1-5 cm. diameter and cm. high, the upper 
ends which 500 ml. Ehrlenmeyer flasks had been sealed 
charcoal (British Drug Houses Ltd., Animal charcoal for 
decolorizing) with Celite 535, which had previously 
been washed successively with water and (v/v) ethanol 
(pH 6-5). Separation the oligosaccharides was obtained 
eluting with increasing strengths ethanol 30% 
(v/v). Ten fractions were obtained from each initial sample, 
two 350 ml. portions the eluent being passed through the 
column each five ethanol concentrations. These 
fractions were concentrated and the ethanol was removed 
vacuo. After estimation their fucose content separ- 
ately, all the fractions eluted the same concentration 
ethanol were combined, giving five main solutions for sub- 
sequent qualitative analysis. These solutions are referred 
below the 10, 15, and 30% ethanol re- 
spectively. They were further purified chromatography 
powdered cellulose columns high-capacity filter 
paper, both. 

Column chromatography with powdered cellulose. The 
ethanol eluate was heavily contaminated with lactose, 
most which was removed concentrating the solution 
about 100 ml., adding ethanol concentration 
95% (v/v) and cooling 5°. The filtrate from the pre- 
cipitated lactose, and also the 10% ethanol eluate, were 
concentrated vacuum distillation and finally evaporated 
syrups vacuo over These syrups were then added 
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powdered cellulose which had been added 
(6:1:1, vol.; Percival, 1952). The columns 
were treated with 51. the same solvent mixture and 
afterwards extruded and cut into twelve equal sections. 
After removal all the solvent air current the 
sections were extracted twice with ml. water. Those 
sections which fucose-containing oligosaccharides were 
present were further purified band chromatography 
high-capacity filter paper. 

Band chromatography. Fucose-containing extracts from 
the powdered cellulose columns, and the original 15, and 
ethanol eluates, after suitable concentration over P,O, 
vacuo, were purified band chromatography 
Whatman no. 3MM filter paper; several sheets were used 
for each sample. Two solvents were used: acetate 
(2:1:2, vol.; Jermyn Isherwood, 
1949), and modification this solvent which gave 
improved movement and separation oligosaccharides 
composed more than five six sugar units (Table 1). 
The modified solvent was prepared adding ethyl acetate 
the monophasic mixture ethyl acetate—pyridine- 
(10:5:10:2, vol.) the minimum amount 
cause separation into two phases after mixing and 
give upper layer having sp.gr. within the range 0-951- 
0-953 25°, the temperature which chromatograms 
were run. 

Reducing bands were detected side and centre strips 
from each chromatogram by the method of Trevelyan, 
Procter Harrison (1950) and the unsprayed portions 
were cut with these strips guide; like sections were 
bulked and the oligosaccharides present eluted with water. 
After concentration vacuo the individual eluted fractions 
were each re-run separately Whatman no. 3MM paper 
and again detected, cut and eluted before. Attempts 
these fractions after concentration small 
volume this stage were unsuccessful except for the 
fraction representing 


Table values oligosaccharides ethyl 
solvent with and without 
the addition acetone 


Descending chromatography Whatman no. 3MM 
paper. Time 20hr. For details solvent see text. 
typical chromatograms run the same time under 
identical conditions, lacto-N-tetraose (spot moved 
22-3 em. the solvent without acetone and 30-4 cm. with 
acetone added. 


Oligo- hexose Without With 
saccharide units acetone acetone 

0-08 0-19 

0-13 0-31 

C 13 0-17 0-41 

0-28 0-52 

0-43 0-63 

F 8 0-55 0-81 

G 6 0-64 — 

0-92 

I 4 1:00 1-00 
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Further purification. Crystalline lacto-N-tetraose was 
obtained the method Kuhn, Gauhe Baer (1953). 
The remaining fractions from band chromatography were 
concentrated ml. less and precipitated 50, and 
90% ethanol levels. This fractionation procedure was 
repeated the 80% ethanol precipitates (which were the 
main ones), after redissolving them water, until suc- 
cessive precipitates showed constant ratio 
(see below). The compounds used this study may there- 
fore defined chromatographically pure and giving 
steady ratios repeated ethanol fraction- 
ation. 

Additional chromatographic methods. after 
hydrolysis experiments was carried out the pyridine- 
extraction method, modified McGeown Malpress 
(1952). values are defined the ratios the distance 
run the centre any oligosaccharide spot the dis- 
tance run the centre standard lacto-N-tetraose spot. 


Estimation fucose 


Method depended periodate oxidation the sugar 
(Nicolet Shinn, 1941) and the determination the acet- 
aldehyde formed the Rimini reaction (Rimini, 1898; 
Waldron, 1952). could used for estimating 0-1- 
0-6 mg. free fucose, combined fucose after hydro- 
lysis; could not used for solutions containing more 
than mg. lactose the test sample (Fig. 1). Method 
was based the hydrochloride reaction 
Shettles, 1948). conveniently measured 
fucose, both free and combined, and had 
special value the modification described below for the 
estimation fucose amounts less than the 
application the analysis fucose oligosac- 
charides. 

Method Sodium periodate solution was prepared 
with N-NaOH and diluting 100 ml. The Rimini 
reagent was made mixing vol. (v/v) solution 
ethylene glycol ethanol with vol. 20% (w/v) 
solution piperazine ethanol and vol (w/v) 
aqueous sodium nitroprusside. This reagent prepared 
immediately before use and essential that aldehyde- 
free ethanol should used. 

Sodium periodate ml.) was added ml. the test 
solution containing 0-6mg. free fucose. The 
solutions were mixed and kept room temp. for min. 
Rimini reagent ml.) was then added the tubes, which 
were gently shaken, put into bowl crushed ice and 
stored the dark refrigerator 4°. The blue colour 
which develops the presence fucose was read after 
Spekker absorptiometer with Ilford orange 
filter (no. 607; wavelength peak transmission, 600 my). 
The solutions were removed singly from the refrigerator 
and the readings recorded immediately since the colour 
fades rapidly the light. Estimations standard 
fucose solutions were carried out with each series 
measurements. 

Fucose quantitatively freed from its combination 
the oligosaccharides human milk hydrolysis with 
for 100°. After neutralization the 
hydrolysate with NaOH method may directly applied, 
but the intensity the colour developed enhanced 
the presence NaCl the solution (Fig. 2). Hydrolysis 
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was usually carried out ml. the test solutions, 
which was added 0-5 ml. after hydrolysis the 
solutions were neutralized with 0-5 ml. 
the solutions used standards ml. solution contain- 
ing 146 mg. NaCl was added and water total volume 
ml. 

Method The determination fucose the standard 
CyR method Dische Shettles (1948) not valid for 
solutions containing lactose, since this sugar gives 
positive extinction difference value for and 
falsifies the estimation fucose, which depends this 
measurement. The extent this interference may, how- 
ever, determined because control solutions, which 
0-1 ml. water instead 0-1 ml. cysteine hydro- 
chloride added, lactose gives lasting pink colours which 
show peak absorption 520 mp, wavelength which 
similarly treated fucose solutions show zero absorption 


0-4 
0-2 


Lactose (mg.) 


Fig. Fucose estimation (method I). Change ex- 
tinction solutions containing 0-3 mg. fucose the 
presence increasing amounts lactose. 
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Fig. Fucose estimation (method I). Calibration curves 


for fucose with and without (@) the addition 
(0-146 g.). 
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(Fig. 3). Calibration this wavelength thus permits the 
direct determination lactose mixtures. coupling 
this determination with calibration curve giving 
Values for standard lactose solutions, the contri- 
bution lactose observed values mixed 
solutions may found and true fucose values determined. 
The interference due lactose minimized taking 
readings hr. after the addition cysteine hydrochloride 
the test solutions water the controls. The solutions 
are kept the dark room temp. and the values 
increase for fucose and decrease for lactose, reaching 
steady values only the end this interval (Fig. 4). 
Lacto-N-tetraose shows properties similar those 
lactose. 

Calibration (Fig. was checked for each series estima- 
tions including standard lactose and standard fucose 
solutions; the results recovery experiments various 
known mixtures these sugars are given Table 
Absorption values were measured Unicam SP. 600 
absorption spectrophotometer. 

Analysis purified compounds. Both methods described 
the previous section were used for the estimation 
fucose the purified compounds obtained this work. 
Estimation the Rimini reaction (method was carried 
out known weight the substance after the necessary 


380 400 420 440 460 480 500 520 540 
Wavelength (my) 


estimation (method IJ). 
spectra fucose lactose (—) and lacto-N-tetraose 
solutions. lactose, control solution 
treated with 0-1 ml. water; lactose 
treated with 0-1 ml. cysteine hydrochloride solu- 
tion; lacto-N-tetraose, control solution 
treated with 0-1 ml. water; lacto-N- 
tetraose treated with cysteine hydro- 
chloride solution; fucose, control solution 
treated with 0-1 ml. water. and read against 
water; and read against corresponding control 
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preliminary hydrolysis. Estimations made method 
were particularly valuable when applied purified com- 
pounds, for the measurements obtained were the sum the 
absorptions due (i) the total fucose present the com- 
pound and (ii) its fucose-free ‘core’. Thus, for the simplest 
compound, fucosido-lactose, the absorption values were 
identical with those given equivalent equimolecular 


A E 396-430 


Age solution (hr.) 


Fig. Fucose estimation (method 
lactose; ug. fucose. 


Changes 


Es20 or 


100 150 200 
Wt. sugar 


Fig. Fucose estimation (method II). Typical 
calibration curves (—) and calibration curves 
for fucose (@), lactose (O) and lacto-N-tetraose 
values for fucose solutions are negligible.) 
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mixture the component sugars, fucose 
Provided therefore that calibration curves were available 
for the various ‘core’ molecules encountered, that true 
fucose values could derived, the method, addition 
giving estimate the amount fucose the molecule, 
also gave fucose:‘core’ ratios. The ‘cores’ found this 
work were: lactose, lacto-N-tetraose, 
and Calibration curves for absorption 
520 and for were obtained directly from 
preparations the first two compounds, from 
non-crystalline but chromatographically pure preparation 
and assessment for tri(lacto-N- 
tetraose). 

Estimation hexosamine and related compounds. 
Acetylglucosamine was estimated the method 
Aminoff, Morgan Watkins (1952), hexosamine the 
method Rondle Morgan (1955) after hydrolysis 
sealed ampoules 100° for with and 
sialic acid the method Werner Odin (1952). 


RESULTS 


Fucose content milk samples. Estimation the 
total fucose milk samples before fractionation 
gave results which were less readily reproduced 
duplicate determinations than estimation 
summation the fucose contents ethanol 
eluates from the columns; this was 
undoubtedly due the very high 
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ratio (about 40:1) the unfractionated samples, 
and the presence them other 
Although both series results were the same 
order, the summation method which taken 
here giving the truer values. 

The fucose contents six milk samples taken 
from each two women intervals varying from 
days post partum are shown Table 
Over this period there was evidence any 
change the level total fucose values. These 
figures receive support from the analysis bulked 
sample six specimens milk collected from 
third woman intervals 4-9 days post partum, 
for which the fucose content, estimated before 
fractionation, was and from 
sample collected advanced lactation (191 days) 
which showed 117 mg./100 ml. the summation 
method and 125 mg./100 ml. before fractionation. 

Celite columns. The separation the fucose oligo- 
saccharides into fractions eluted 
Celite columns solutions increasing ethanol 
content gave first insight into the distribution 
these compounds human milk. Figures for 
typical elution pattern are given Table The 
fall the fucose content the second eluate any 
given ethanol concentration, and the rise fucose 


Table 


Recovery fucose the presence excess lactose 


The estimations were carried out method (see Experimental section). 


Lactose 
solution 


Fucose 
solution 


Fucose recovered 


Lactose recovered 


190 193 102 
5-0 180 4-7 94 186 103 
6-0 180 5:7 95 180 100 
12-0 160 11-8 98 151 94 
15-0 150 14-7 142 
Table Concentrations fucose milk samples 
Fucose (mg. ml.) 
Day 
Sample lactation Before fractionation* After fractionationt 
139-0 124-7 
146-4 129-0 
M4 15 159-6 135-6 
159-7 
112-9 
Mean 148-8 128-5 10-7) 
99-9 
108-4 
93-9 116-2 
105-6 125-1 
112-8 138-7 
139-4 
Mean 103-0 128-1 


Estimation method (see Experimental section). 
Estimation ethanol fraction method II, remainder method (see Experimental section). 
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content immediately the strength ethanol was 
increased were possible indications separation 
into fairly well-defined fractions. 

Elution patterns for two series milk samples 
are shown Table These suggest that, although 
the pattern may vary its detailed characteristics 
for different women, the oligosaccharides smallest 
molecular weight, which are eluted the and 
10% ethanol fractions, are always present the 
greatest amount; further, that there tendency 
for the fraction increase amount, relative 
the others, lactation advances. The single 
result from late lactation period (191 days), when 
the milk flow was still plentiful, possibly shows this 
tendency extreme point, where over 
the total fucose was present the and 10% 
ethanol fractions. 


Qualitative analysis ethanol eluates 


Ten fractions were isolated chromatographic- 
ally pure form from the 10, 15, and 30% 
ethanol eluates from the columns. 
These are referred compounds and 
include seven fucose-containing oligosaccharides, 
two related compounds which contain fucose 
and one fraction, compound which contains 
fucose but proved doubtful homogeneity. The 
distribution these oligosaccharides 
ethanol eluates summarized Table 

Analysis isolated compounds. The results 
mild acid hydrolysis, together with fucose estima- 
tions known weights the purified oligosac- 
charides, and determination their 
values gave upon which deductions 
could confidently made about the structural 
types which the oligosaccharides conformed. The 
based entirely the results presented this 
paper; the structures compounds and 
have already been established (see Kuhn, 1957) 
and the confirmation given our own work 
briefly summarized here. Except where otherwise 
stated all hydrolyses with hydrochloric acid were 
carried out heating the solutions for min. 
boiling-water bath. 


Compound fucosido-lactose (Kuhn al. 1955; 
Montreuil, 1956). Hydrolysis with gave 
mixture fucose and lactose, with traces 
glucose and galactose. The ratio was 
0-43 0-48). 

Compound lacto-N-tetraose (Kuhn, Gauhe 
Baer, 1953, 1954). crystalline preparation had 
m.p. and was fucose-free. Hydrolysis 
with showed the original compound 
largely unchanged; additional spots the chro- 
matogram were lactose, galactose and glucose, and 
two other unidentified substances with values 
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Table Elution pattern for fucose oligosaccharides 


The fucose-containing fraction from single sample 
milk was eluted from column two 
successive 350 ml. portions eluent each the five 
concentrations ethanol shown. 


Percentage total 
fucose eluted 


Conen. 
ethanol 


Second 


eluent First 
350 ml. 350 ml. 
19-6 
10 37-5 48 
13-9 6-1 
20 9-5 2-0 
3-2 


Table patterns the fucose-containing 
fractions milk samples from carbon—Celite 
columns 


Samples milk were taken from women the stated 
days post partum. 
Percentage total 
fucose eluted 


Conen. ethanol 
eluent (%) 


Days 
Subject partum 

206 145 3-1 
21:0 12:2 3-1 
49-8 22:0 4-7 
286 123 1-4 


eluates from carbon—Celite columns 


Compound present; compound present 
relatively large amount; compound absent. 


Eluate ethanol) 
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between those lactose and lacto-N-tetraose, 
probably corresponding the two trioses reported 
Kuhn al. (1954) occurring hydrolysates 
lacto-N-tetraose. Glucosamine was not detected 
these chromatograms, but was present, 
addition glucose and galactose, after hydrolysis 
with for min. 


Compound monofuco-lacto-N-tetraose. 
lysis with gave fucose, lacto-N-tetraose 
and traces hydrolytic products from the latter 
compound. The fucose:lacto-N-tetraose ratio was 
0-22 (cale. 0-23). Only one monofuco-lacto-N- 
tetraose was found, and not known whether 
al. (1956b). 


cohexaose, Kuhn al. Hydrolysis with 
gave fucose and lacto-N-tetraose with 
traces further breakdown products. The fucose: 
lacto-N-tetraose ratio was 0-46 0-46). 


Compound This was fucose-free compound 
which, when hydrolysed with 0-1N-HCl gave 
lacto-N-tetraose and small traces galactose, 
glucose and glucosamine; hydrolysis with 0-005N- 
for hr. gave lacto-N-tetraose and second 
compound 0-89 ethyl acetate—pyridine— 
water) which was not identified. Oligosaccharides 
are liable give range products acid 
hydrolysis, but was consistent with the chro- 
matographic evidence obtained that compound 
was primarily convertible into lacto-N-tetraose 
the one major product. was therefore tentatively 
identified di(lacto-N-tetraose), hypothesis 
which was supported the following observations: 
(i) the colour developed the modified Dische 
Shettles (1948) reaction had almost exactly half 
the intensity given the same weight lacto-N- 
tetraose and showed similar absorption curve; 
structure led intelligible interpretation the 
behaviour hydrolysis, the fucose contents and the 


Compound Hydrolysis with gave 
fucose and compound some unchanged com- 
pound was also present and trace the com- 
pound 0-89) already noted occurring after 
the mild hydrolysis compound Hydrolysis 
with caused the disappearance 
compound and the liberation fucose, com- 
pound compound 0-89 and 
The analytical figures lent support the view that 
this compound was 
tetraose) ratio 0-08 0-12). 


Compound Hydrolysis with 0-01N-HCl gave 
fucose, compound compound and trace 


compound with gave 
fucose, compound and lacto-N-tetraose only. 
This compound was clearly related compound 
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addition some unchanged 


but richer fucose, and the analytical figures 


agreed fairly well with its identification 
fucose ratio 0-16 0-23), 


Compound Hydrolysis with gave 
fucose and compound (R, addition 
unchanged compound Hydrolysis with 
gave fucose, compound trace compound 
and lacto-N-tetraose. The complete absence 
compound suggested that compound was 
mono-fuco derivative and that the compound 
0-23) might new fucose-free ‘core’. Since 
hydrolysis with converted this ‘core’ 
into compound and lacto-N-tetraose, tri- 
tetra-(lacto-N-tetraose) structure 
The fucose content compound was 
(cale. for monofuco-tri(lacto-N-tetraose) 
for monofuco-tetra(lacto-N-tetraose) The 
calibration curves assuming the equivalence, the 
modified Dische Shettles (1948) reaction, 
was 0-08 (calc. 0-08). Compound 
was therefore probably monofuco-tri(lacto-N- 
tetraose). 


Compound Hydrolysis with gave 
fucose, compound compound (R, com- 
pound compound and lacto-N-tetraose, 
addition unchanged compound Hydrolysis 
with gave fucose, compound com- 
pound and lacto-N-tetraose. Two reactions were 
probably involved: one giving fucose and com- 
pound the other lacto-N-tetraose and com- 
was supported the 
analytical figures: fucose (cale. 
fucose ratio 0-13 0-16). 


Compound This fraction gave fucose hydro- 
lysis. The chromatographic picture was not readily 
interpretable, however, relation the analytical 
figures obtained, and seemed probable that 
‘compound was mixture oligosaccharides. 


Occurrence hexosamine and related compounds. 
Positive values for N-acetylglucosamine, hexos- 
amine and sialic acid were given all the ethanol 
eluates, the highest values for the first two com- 
pounds being recorded the and eluates 
and for sialic acid the fraction. However, 
sialic acid was absent from the purified fucose 
compounds reported this paper, and attempt 
estimate their acetylglucosamine content demon- 
strated the inapplicability the standard method 
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used for this purpose. excessively high value 
the calculated figure) was obtained for 
the acetylglucosamine content pure lacto-N- 
tetraose, roughly half the expected values for 
and and negligible values for 
compounds and The high value for lacto- 
N-tetraose accord with similarly high figures 
obtained Kuhn al. (1954) under slightly 
different experimental conditions. 


DISCUSSION 


view the great lability fucose human- 
milk oligosaccharides the absence free fucose 
the samples when they were fractionated makes 
improbable that the conditions storing had any 
effect these compounds; the possibility that 
some the smaller oligosaccharides could have 
arisen from larger compounds hydrolysis 
storing also most unlikely since they have been 
isolated other workers quite different pro- 
cedures (Kuhn al. 1953; Montreuil, 1957); also, 
the sample taken advanced lactation (see 
Table 5), which was precipitated with trichloro- 
acetic acid, extracted with ether and fractionated 
immediately after sampling, showed the presence 
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rather more the smaller oligosaccharides 
than was usual the stored samples. 

The distribution pattern the fucose compounds 
columns showed that all 
samples the 
charides were present the greatest amount, 
particularly fucosido-lactose and monofuco-lacto- 
N-tetraose. These compounds contain 33-6 and 
fucose respectively, whereas the higher 
oligosaccharides, present much smaller amounts, 
have fucose contents ranging from [monofuco- 
(difuco-lacto-N- 
tetraose). would therefore seem that estimate 
the total fucose-containing oligosaccharides 
human-milk samples could obtained without 
too great error accepting arbitrary mean 
fucose content 25% representative these 
substances. This figure leads value 0-5 g./ 
100 ml., which still takes account the presence 
related fucose-free compounds such lacto-N- 
tetraose and di(lacto-N-tetraose), the first 
which was undoubtedly present considerable 
amounts (approximately ml.) the 
samples analysed. total estimate 0-6 g./ 
100 ml. for the oligosaccharides human milk 
seems therefore reasonable estimate 


Compound 


fucose 
Compound 
lacto-N- 
tetraose 


fucose) 


tetraose 


Compound 


fucose 


Compound 


fucose 
~ 
Thy 


Compound 


*Compound having 0-23 ethyl (2:1:2, vol.) 


Fig. Summary the relationships existing between the higher oligosaccharides human milk demonstrated 
mild hydrolysis with hydrochloric acid. established changes; changes presumed occur. 
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true values; this rather higher than the figure 
given Kuhn al. (1955), who assess the 
Kuhn (1957), who gives the N-containing oligo- 
course possible that the oligosaccharide content 
milk samples varies more widely than was found 
this study, but seems important emphasize 
that these substances, considered group, are 
sense trace constituents human milk but are 
present amounts equal about 10% the 
lactose content. 

The tentative identification five new oligo- 
based primarily the relationships observed 
exist between them mild acid hydrolysis, and 
also their relationship the other, known 
oligosaccharides (Kuhn, 1957), particularly lacto- 
N-tetraose. The main connexions established 
this way are summarized Fig. The new com- 
pounds were not crystalline and the slightly low 
fucose contents compounds and may 
due residual contamination with other sub- 
stances despite apparent chromatographic 
purity. would unprofitable this stage 
attempt any comparison between these compounds 
and those investigated Montreuil (1957), which 
has yet characterized only the relative 
proportions their component hexose units. 
seems probable, however, that least some 
Montreuil’s compounds will prove identical 
with those reported here (see also Malpress 
Hytten, 1957). 

exclude the simplest compound, fucosido- 
lactose, picture emerges from these results 
series fucose-oligosaccharides which fucose 
units; further, the occurrence lacto-N-tetraose 
mild acid hydrolysates the compounds 
and suggests that these units are joined 
linkages which are relatively more labile than 
those existing within the molecule 
itself. Alternatively, since apart from difuco- 
lacto-N-tetraose [compound 
hexaose (Kuhn, 1957)], the stoicheiometric ratio 
fucose lacto-N-tetraose all these compounds 
never exceeds unity, might view the series 
consisting polymerized units monofuco-lacto- 
N-tetraose, some which—presumably the 
course normal metabolism, for practically 
free fucose was found this study—have lost 
fucose and been converted into compounds having 
ratio less than unity. Such view would give 
special importance the monofuco-lacto-N- 
tetraose structure, two forms which have 
already been investigated Kuhn al. 
substantiated would also simplify the inquiry 
into the detailed structure these oligosaccharides, 
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whose ‘type’ identities presented here cover such 
wide range isomeric forms. 


SUMMARY 


The total fucose content human-milk 
samples has been determined intervals varying 
from days post partum. The amounts 
present remained fairly constant over this period 
and mean values 128 mg./100 ml. were obtained 
for each two series, representing 
charide content approximately 0-6 g./100 ml. 

The distribution pattern fucose 
charides absorbed columns and 
eluted with increasing strengths ethanol has 
been obtained for human milk samples. 

Ten oligosaccharides from human milk have 
been purified chromatographic methods; five 
these are tentatively characterized for the first 
time as, di(lacto-N-tetraose), 
mono- 
fuco-tri(lacto-N-tetraose), and difuco-tri(lacto-N- 
tetraose). 

modification the ethyl acetate—pyridine- 
water solvent (Jermyn Isherwood, 1949) was 
developed which has special value for the separa 
tion oligosaccharides more complex than 
hexasaccharide. 


wish record our thanks Professor Harrison 
for his interest this work and express our indebtedness 
Dancklefsen for technical assistance. 
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Preparation Crystalline Porphyrin Esters from 
Bovine Porphyria Urine 


WITH 
Central Laboratory, Svendborg County Hospital, Denmark 


(Received June 1957) 


For studies porphyrin metabolism which 
chromatographic procedures are employed, pure 
porphyrins are often required markers. With 
uro- and copro-porphyrins these are difficult 
obtain. simple method for preparing such 
markers therefore desirable. 

Preparation porphyrins from urines very 
rich them simple, the porphyrins are pre- 
cipitated acidification. Recently Ottolenghi- 
Lodigiani Serchi (1951) prepared mg. 
porphyrin esters from 11. human 
congenital-porphyria urine this way; but the 
porphyrin concentration lower, the preparation 
much more difficult (cf. Lemberg Legge, 1949) 
and varied techniques have been employed. 
Rimington Miles (1951) acidified 31. human 
porphyria urine, collected the precipitate and 
adsorbed the porphyrins the filtrate kiesel- 
guhr; but Macgregor, Nicholas Rimington (1952) 
preferred adsorption tale and stated 
that the extraction the total porphyrin from 
urine presents considerable difficulty. 

The method described below was elaborated 
during work with bovine porphyria urine 
Jorgensen With, 1955), but has been found 
function equally well with human porphyria urines 
and even normal human urine. the latter the 
red fluorescence quenched, however, and appears 
only after the chromatographic 
Volumes 201. have been treated, and special 
difficulties were encountered because the alkaline 
reaction bovine urine. The only studies bovine 
porphyria urine reported previously are those 
Rimington (1936), which the urine was removed 
from single animal post mortem, and seems that 
the porphyrin concentration this urine was 
exceptionally high. 

Because the large amounts porphyrins, 


current methods chromatography and crystal- 
lization had modified. For chromatography 
aluminium oxide, mixtures chloroform and 
benzene were employed instead pure benzene, and 
crystallization was performed room temperature. 
The various steps the procedure were followed 
with quantitative and qualitative analyses and the 
purity the crystalline esters was checked 
paper chromatography, melting-point determina- 
tion and estimation the extinction the 
maximum the Soret absorption band. 


MATERIALS AND METHODS 


The urine was from the porphyric steer described 
With (1955). The CHCl, employed the pro- 
cedures was pharmacopoeia quality (Pharm. Danica) 
unless otherwise noted. The MgO (British Drug Houses 
Ltd.) employed was the preparation for chromatography, 
and was found correspond grade III according 
Brockmann Schodder (1941). The commercial 
preparations (British Drug Houses Ltd. Merck Inc.) 
were too strongly adsorbent and were therefore treated 
suspension in water, then sucked dry on a Biichner funnel 
and dried 60° for 1-2 days. Before use was graded 
the procedure Brockmann Schodder (1941), see also 
Williams (1946), adsorbency corresponding grade 
being required. important remove the con- 
siderable quantities non-porphyrin pigment present 
all urines, both porphyria and other conditions. These 
pigments are presumably dipyrrole pigments like the por- 
phobilin Waldenstrém Vahlquist (1939), the uro- 
chrome described Stich (1953) and the fuscins 
found normal well pathological faeces (cf. With, 
1954). The removal such pigments was achieved 
adsorption talc, followed elution with 5-10% (v/v) 
aqueous pyridine solution N-HCl-acetone (1:9, v/v). 
The porphyrin was precipitated from the pyridine 
acidification from the acetone with ammonia; the pre- 
cipitate was dried and esterified with (v/v) H,SO, 
methanol (Fischer Zerweck, 1924). 
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Collection and iof bovine urine 


Collection urine from cows relatively simple, but 
collection from bulls difficult. For large-scale collection 
hole was dug the stall under the hind part the animal, 
and this hole was covered with plastic-coated iron grate. 
From the hole pipe glazed clay allowed the urine flow 
down intoa 101. plastic bucket placed about cm. below the 
floor the stall. this way the hr. urine was collected 
conveniently without significant losses, and contact with 
metals was avoided. Contamination with certain amount 
dirt from the floor was inevitable, but this did not cause 
serious inconvenience during the following operations. 

Acidification was carried out 501. glass carboys 
because liberation CO, with violent foaming. The 
bovine urine required ml. reach about 
which was found most convenient; human urine 
required only about ml./l. attain the same pH. 

Adsorption filters. The porphyrins the urine were 
adsorbed tale (Pharm. Danica) crude kieselguhr 
suction through filters these materials Biichner 
funnels. For large-scale work with urine, con- 
taining 20-40 mg. portions (51. less) 
were passed through layers kieselguhr, mm. 
thick, prepared pouring aqueous slurry the 
adsorbent the funnels (25 cm. diam.). Foaming the 
tale slurry was controlled addition ethanol, which was 
subsequently washed out with water. The urine was poured 
after the filter had been sucked dry with vigorous 
suction. The passage 51. often took several hours. 
more complete adsorption porphyrins may achieved 
passing the filtrate through second filter fresh tale 
kieselguhr; this second passage much more rapid and 
one filter sufficient for more convenient than 
crude kieselguhr because the fluorescence the adsorbed 
porphyrin clearly visible, whereas quenched 
kieselguhr. However, kieselguhr does not give rise foam 
and less expensive than tale. 

Elution and precipitation. The pooled adsorbents were 
extracted suspension n-HCl-acetone (1:9, v/v). 
Drying before this extraction not necessary; residual 
moisture the filters after suction does not influence the 
procedure. The HCl-acetone was removed from the 
adsorbent suction through Biichner funnel, the ad- 
sorbent was suspended fresh portion HCl-acetone 
and this process repeated until complete. The combined 
eluates were precipitated addition conc. 
aq. NH, soln. about 8-5, when precipitate was 
formed and simultaneously the red fluorescence the 
eluate was quenched. The precipitate was collected 
paper filtration and dried radiator. contained 
about 90% the porphyrin present the eluate. 

Esterification and extraction esters. The dried precipi- 
tate was pulverized mortar and treated overnight with 
(5:95, v/v), prepared immediately before 
use. For large-scale preparation commercial denatured 
methanol but for analytical purposes absolute 
methanol distilled over magnesium turnings was used. 
After standing overnight the suspension was filtered and 
the residue stirred and extracted the Biichner funnel 
with until completion. Then fresh 
was added and the extraction repeated 
completion. The pooled extracts were 
neutralized (Congo red paper) with saturated sodium 
acetate separating funnel and water sufficient bring 
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195d 
about separation was added. The aqueous phase was 
extracted with the pooled extracts 
were then washed three times with water. small sample 
was extracted with aq. soln.; incomplete 
tion shows itself red fluorescence the ammonia 
washings, but this was very rarely encountered. Finally, 
the extract was dried filtration through double 
layer filter paper wetted with freshly washed and dried 
and anhydrous CaCl, was added. After drying, the 
solution was separated from the CaCl, and the 
evaporated room temperature. 

Chromatographic purification magnesium oxide. This 
was performed short columns, long. The 
technique Nicholas (1951) was followed, the columns 
being prepared from suspensions MgO pharmacopoeia- 
quality CHCl, and the porphyrin esters were added the 
column concentrated solution the same solvent, 
which was also used for development (the ethanol present 
the used importance this procedure). The 
non-porphyrin pigments adhere the top the column 
and the porphyrin esters are eluted. The size the column 
depends the amount porphyrin handled. With 
more, longer columns passage through 
second column after concentration the first eluate 
evaporation may necessary. 

Chromatographic fractionation aluminium The 
procedure Nicholas (1951) was employed, the columns 
being high and cm. diam. Their tops were pro- 
tected layer acid-washed sea sand, 0-5-1 
The porphyrin esters were dissolved little freshly 
washed, dry possible, vol. pure analytical 
benzene were added and the porphyrins were adsorbed 
column prepared suspending aluminium oxide 
(9:1, v/v). Crystals often separated from 
the concentrated solution addition the benzene 
and were removed filtration before applying the result- 
ing filtrate the column. The residue was mainly uro- 
porphyrin ester, and was purified recrystallization. 

The columns developed with 
mixtures [analytical benzene, freshly washed and dried 
(7:3, 5:5 and 3:7, v/v)], pure and finally 
absolute methanol [beginning with 
and ending with 0-5 (v/v) methanol 
rule the coproporphyrin began eluted with benzene- 
(9:1 7:3, v/v), and passed quantitatively with 
pure the uroporphyrin began passing with 
The maximum amount porphyrin which could 
fractionated one column was about mg. 

Crystallization. For large-scale work hot crystallization 
was not convenient, and the process was carried out 
room temperature. The purified ester solutions were 
evaporated dryness room temperature, the dry ester 
was dissolved little CHCl, possible and 3-4 vol. 
absolute methanol were added and thoroughly mixed. 
this way concentrated solutions uroporphyrin produce 
immediate crystalline precipitate, uroporphyrin 
(from turacin, cf. With, 1957b) shows somewhat delayed 
and coproporphyrins only crystallize after 
some hours with much porphyrin remaining the mother 
liquor. More rapid and complete crystallization 
porphyrin was obtained the use light petroleum 
(b.p. below 50°) instead methanol. The crystals were 
separated from the mother liquor filtration and washed 
the filter with absolute methanol (or light petroleum 
this solvent was used for crystallization). 
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Analytical procedures 


Ultraviolet light. The red fluorescence porphyrin solu- 
tions was used when testing for the completion the 
extractions and the elution from chromatograms. lamp 
standing the bench described With (1957a) was 
used. 

Spectrophotometric determination porphyrins. After 
appropriate dilution the urine (at least tenfold) with 
readings were carried out 380 and 430 
well the maximum the Soret band; the porphyrin 
content was calculated the method Rimington 
Sveinsson (1950) with the constants given With (1955). 
The porphyrin content HCl-acetone eluates 
methanol extracts was determined similar way after 
dilution 100- 500-fold, after which the optical densities 
the original solvents became insignificant. For 
solutions esters, 0-05 ml. was pipetted into watch glass 
and evaporated, and the residue dissolved appro- 
priate volume and transferred measuring 
flask, being simultaneously diluted concentration 
about The identity the porphyrin solutions 
was checked determining the positions the bands 
Hartridge reversion spectroscope. 

Analysis crystals. The dry crystals (5-10 mg.) were 
weighed mg.) and dissolved cone. 
H,SO, small beaker. Solution was completed when 
necessary cautious addition about ml. water. The 
oily solution was quantitatively transferred ml. 
measuring flask and diluted with After further 
dilution (300- 500-fold) with the Soret 
maximum was determined and this wavelength 
for the free porphyrin assuming that uro- 
porphyrin octamethyl ester contains 88% and copro- 
porphyrin ester the porphyrin free acid. 

Spectrophotometer. Hilger Uvispek with quartz prism 
and quartz cells was used. 

Paper chromatography lutidine. The crystals were 
hydrolysed with for hr. and the HCl was re- 
moved vacuo; the residue was dissolved aq. 
soln. and applied Whatman no. paper. Ascending paper 
chromatography with 2:6-lutidine, described 
Eriksen (1953), was used. 

Melting-point determination. 
melting-point apparatus was used. 


micro- 


RESULTS 


During months total about 1g. pure 
crystalline ester and equal 
quantity coproporphyrin ester was prepared. 
The crystals uro- and copro-porphyrin iso- 
lated from the bovine urine were varied purity. 
Sometimes preparations high purity, giving 
values the Soret maximum about 6500 
[corresponding absolutely pure uro- and copro- 
porphyrin (cf. Rimington Sveinsson, 1950; 
Hilger Watts Ltd., 1955; With, 1955; Riming- 
ton, personal communication)], were obtained 
the first crystallization, but more often values 
about 4000 were obtained. The uroporphyrin 
crystals usually showed only insignificant con- 
tamination with other porphyrins demonstrable 
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chromatography lutidine; the most, traces 
only and porphyrin were present. 
The coproporphyrin was, the other hand, 
regularly contaminated with 
phyrin, and this porphyrin, which was constantly 
found appreciable quantities the urine all 
the porphyric Danish cattle tested, was very 
difficult remove completely from the copro- 
porphyrin. repeated crystallization was 
found that the porphyrins with the higher number 
carboxyl groups were found con- 
centration the crystals, whereas those with the 
lower number carboxyl groups increased con- 
centration the mother liquor. Therefore uro- 
porphyrin crystals free from and 7-carboxyl 
porphyrin were relatively easy obtain whereas 
completely pure coproporphyrin was very difficult 
obtain. Amounts completely pure 6-carboxyl 
porphyrin sufficient give reliable determinations 
its absorption constants and melting point have 
not yet been prepared. 

Complete chromatographic separation the 
6-carboxyl porphyrin from coproporphyrin and 
uroporphyrin was not achieved; fractions uro- 
porphyrin free from 6-carboxyl, and copropor- 
phyrin free from could obtained, but 
fractions 6-carboxyl without uro- copro- 
porphyrin were not obtained this way. 

The characteristic crystal forms uro- and 
copro-porphyrin obtained crystallization from 
hot did not usually appear 
large-scale crystallization room temperature, 
but when the crystals obtained were recrystal- 
lized smaller scale the usual fine needles 
uroporphyrin and the coarser ones copro- 
porphyrin were obtained. 

The melting points the uroporphyrin esters 
obtained first crystallization varied between 
275° and 295°, rising recrystalliza- 
tion. For the coproporphyrin esters the corre- 
sponding figures were 230—255°, rising 
The purest crystalline 6-carboxyl porphyrin ester 
obtained had m.p. 

The fate the porphyrins present the bovine 
urine was followed quantitative and qualitative 
analysis through the various stages the purifica- 
tion procedure several occasions. During the 
primary adsorption tale kieselguhr about 
80% the total porphyrin was adsorbed the 
first filter, and two adsorptions succession were 
employed less than 10% remained the filtrate. 
The acetone eluate contained about mg. total 
porphyrin for every present the urine, 
i.e. about two-thirds the porphyrin present 
the urine disappeared during the initial purifica- 
tion procedures. only minor amounts were lost 
with the filtrate, the main loss must have been due 
destruction incomplete elution from the 
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absorbent. The filtrate from the precipitated 
acetone eluate contained usually only traces 
porphyrin. The esterification and ester extraction 
gave rise heavy losses; 25-50% the por- 
phyrin present the acetone eluates was found 
lost during this procedure, and only 
the porphyrin originally present the urine was 
recovered crude ester. The esterification the 
most cumbersome part the procedure, often 
giving rise emulsions. The loss during the 
chromatographic purification magnesium oxide 
amounted about 20% and that during the 
chromatography aluminium oxide 
The method was also tried smaller scale 
few human porphyria urines, and the Walden- 
esters were obtained crystalline form 
without difficulty. Also, preparation crystalline 
uro- and copro-porphyrin from 201. normal 
human urine was achieved, but here red 
fluorescence was visible before the chromatography. 


DISCUSSION 


The findings are consistent with current knowledge 
the nature the porphyrins present con- 
genital porphyria, since the uro- copro- 
porphyrin isolated from the urine the porphyric 
steer showed the crystal form and melting-point 
characteristic the series isomers. The constant 
minor but significant amounts 
porphyrin which, according the lutidine chro- 
matography, contained six carboxyl groups 
noteworthy. The same porphyrin was found 
urines from all other Danish bovines with con- 
genital porphyria. may perhaps character- 
istic bovine congenital porphyria. 

The urine the porphyric steer contained 
between and 4mg. total porphyrin/100 ml., 
when the animal was the stable feed 
relatively poor water. The total porphyrin was 
found consist about equal amounts uro- 
and copro-porphyrin, mostly somewhat more 
copro- than uro-porphyrin. The sum the concen- 
after extraction was always about 25% higher 
than the total concentration 
lated uroporphyrin) found direct spectro- 
photometric measurement the diluted urine; 
this presumably because the assumptions about 
the spectral-absorption curve the region 
Sveinsson (1950) based, were not valid for the 
diluted urine the steer. 

Another method for large-scale preparation 
erystalline uroporphyrin has recently been pub- 
lished Kennedy (1956). Although this method 
relatively simple, our method nevertheless more 
simple and convenient porphyria urine rich 
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porphyrins available quantity. But this 
not the case, Kennedy’s method valuable because 
his raw material, the shell the oyster 
Pinctada vulgaris, commercially available. 


SUMMARY 


method for large-scale preparation uro- 
and copro-porphyrin crystalline esters from 
bovine porphyria urine given. 

About 10% the porphyrin present the 


urine recovered crystalline esters. 


Besides uro- and copro-porphyrin 6-carb- 
oxyl porphyrin was found constantly present 
minor quantities bovine porphyria urine. 
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changes carotenoid and chlorophyll pigments the 
leaves deciduous trees during autumn necrosis 503 
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esterase inhibited with organo-phosphorus compounds. 

esterase inhibited with organophosphorus compounds. 
Reactivation pyridinealdoxime methiodides 

GREEN, Heparin and disulphide interchange plasma 
clotting thrombin 

treatment siliconed surfaces 

Gropsky, assay insulin fibril formation 
from small samples pancreas 142 

GuTFREUND, Amino acid activating enzymes mam- 
mary tissue and their possible role protein synthesis 


studies with cellulase 605 

Late stages the biosynthesis flavo- 
noids 

Phosphorylserine and cerebral phospho- 
protein 580 

ergothioneine disulphide 204 

Claviceps purpurea. The incorporation labelled 
histidine 407 

activity the venom Bothrops jararaca 597 

HENRIQUES, see HENRIQUES, 597 

packing for transport heat-sensitive vaccines 33P 

studies the content the foetal- 
human haemoglobin 309 

titration sulphydryl groups human haemoglobin 
with silver nitrate. Addendum to: Further studies the 
content the foetal-human haemoglo- 
bin (Hommes, A., Dozy, Huisman, J.) 312 

Hoover, see SENTHESHANMUGANATHAN, 621 

Thiols and radiation damage 37P 

acids study sites and rates antibody synthesis 
living hyperimmune rabbits 146 


252 


glutathione 


33P 


JAMES, see Bray, 561 


The estimation free sugars skeletal 
muscle codling (Gadus callarias) and herring (Clupea 
harengus) 


704 
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218 


Chemical modification the side 
chains gelatin 458 

fractionation deoxyribonucleoproteins heparin and 
dextran sulphate 568 

(Vicia faba L.) leaves. Activation anionic wetting 
agents 244 

glucose oxidation Acetobacter suboxydans 

Fractionation and countercurrent distribu- 
tion ribonucleic acids 13P 

Koun, rapid small-scale technique membrane filter 
electrophoresis and its application immuno-electro- 

micro-organisms. The incorporation 
Pseudomonas fluorescens, and Corynebacterium, 
grown ammonium acetate 535 

Aspergillus niger 

compounds micro-organisms. Synthesis malate 
from acetate via the glyoxylate cycle 549 

compounds micro-organisms. The effect carbon 
dioxide the incorporation acetate- 
grown Pseudomonas KB1 542 


microsomes fatty acid synthesis 

pregnancy serum, neonatal serum and steroids the 
conjugation bilirubin rat-liver slices 

binding systems isolated intestine the rat 592 

The extraction and identification antigens 
from the tubercle bacillus 33P 

Tabletting techniques and other pharma- 
ceutical equipment 33P 

distribution thymine and methylated adenine bases 
ribonucleic acids 

blood 172 


Glutathione and neural tissues 36P 

Glutathione arterial and cerebral venous blood the 
rabbit 
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human milk 708 

Enzyme systems associated with the oxid- 
ation and reduction glutathione plant 

ascorbic acid: L-galactono-y-lactone dehydrogenase 395 

inhibition catalase 3-amino-1:2:4-triazole 468 

glucuronidase and galacturonidase activity the limpet 
and mammalian tissues 610 

siduronic acids. Appendix to: The relationship between 
glucuronidase and galacturonidase activity the limpet 
and mammalian tissues (Marsh, Levvy, A.) 
617 

Matic, South African pilchard oil. The isolation and 
structure octadecatetraenoic acid from South 
African pilchard oil 692 

detoxication. 71. The metabolism hydroxycou- 
marins 

detoxication. 72. The metabolism coumarin and 
o-coumaric acid 

Mervyn, Morton, Minor unsaponifiable con- 
stituents normal and diseased human kidneys 

aromatic compounds Neurospora crassa 168 

The relationship between catalase and haemo- 
globin human blood 275 

preparation barium monophosphotaurocyamine 447 

Nature and properties (ubiquinone) 16P 

soluble nucleotides rested codling (Gadus callarias) 
muscle 


incorporation into rat thymocytes vitro 410 

Orraway, colorimetric method for the estimation 
tyrosine 239 


Packer, see CHANCE, 295 

tive tissues. The presence non-collagenous protein 

cartilage 298 


colon vitro 452 

thesis intestinal mucins. Survey incorporation 
isolated gastrointestinal tissues 
212 

Tenebrio molitor pupal-tissue preparations 225 

Pawan, Asimple micromethod for the quantitative 
determination acetone and acetoacetate biological 
fluids 

phorase systems with monotetrazolium salts and metal 
chelation 

chemical demonstration the relationships between the 
DPN-diaphorase and the succinic dehydrogenase systems 
18P 

techniques for enzyme investigations 

314 

The form which phylloerythrin occurs 
bile and blood. to: The determination 
phylloerythrin blood (Perrin, D.) 318 

myosin from the isolated rabbit myofibril 

histones 

aldehyde fish eggs 

enzyme requirements the synthesis squalene and 
sterol from mevalonic acid cell-free preparations 
rat liver 

the starch-gel and filter-paper electrophoretic methods 
applied human sera: two-dimensional electrophoresis 
636 

thoracic extracts the blowfly, Calliphora erythrocephala 


micro-organisms. 104. Metabolites Penicillium 
atrovenetum Smith: acid, major 
metabolite 647 

large-scale laboratory use 420 

Studies the amide and C-terminal residues 
proteins. and quantitative determination 
B-amino alcohols 118 

see also 105, 111, 114, 122, 
129 

Stevens, Hormones and liver cytoplasm. 
Enzymes concerned nucleic acid catabolism, 
affected hypophysectomy adrenalectomy 367 

Phospholipids. The effect cod-liver oil 
the diet the composition hen’s egg phospholipids 
380 
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Studies detoxication. 74. The metabolism 
benzhydrol, benzophenone and p-hydroxybenzo- 
phenone 584 

uronides? 

tion adrenaline and noradrenaline plasma 

Romano, see 270 

Roy, Comparative studies the liver sulphatases 
519 


Sansom, Barry, The use asparagine and 
glutamine for the biosynthesis casein and plasma 
proteins 487 

kinase and fibrinolytic euglobulins synthetic amino 
acid esters 218 

SEGAL, see BERGMANN, 493 

aspects the destruction lysine under conditions 
acid and enzymic hydrolysis protein materials con- 
taining carbohydrates 621 

formation the reductive amination system Bacillus 
subtilis 

SHORLAND, see Gerson, 644 

Techniques used the preparation and 
microbiological assay antagonists derived from 
vitamin B,, 33P 

Lester see also 24P 

61, 

aqueous solution 27P 

Lactic and malic dehydrogenases organs 
the developing chick embryo 

The reaction some hard- and soft-tissue collagens with 
1-fluoro-2:4-dinitrobenzene 499 

tive colloids urine 10P 

STANLEY, see Easty, 210 

The determination uric acid biological 
materials 306 
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synovial membrane vitro. The metabolism normal 
and rheumatoid synovia and the effect hydrocortisone 
231 

mining glutathione animal tissues 


the rat liver 361 

phosphorylation subcellular particles from yeast 431 


the lens 


Acidic peptides the lens. The structure 
ophthalmic acid 189 

Watey, Glutathione and its analogues the lens 
37P 

The chemical composition earthworm 
cuticle 416 

WHITEHEAD, Determination amino acids double 
isotope-dilution technique 662 

The separation amino acids and their 
N-acetyl derivatives paper chromatography and 
paper ionophoresis 653 

HeLa cells 

The metabolism tri- and tetra-iodo- 
thyroacetic acids rats 

Preparation crystalline porphyrin esters 
from bovine porphyria urine 717 

The reconstitution elastin from soluble 
protein derived from ligamentum nuchae 

material spectrophotometry ferric perchlorate 197 


The action isoniazid the transaminases 
Mycobacterium tuberculosis (B.C.G.) 193 


and abnormal subjects 
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Acetaldehyde, enzymic determination of, blood and 
tissues (Lundquist, F.) 172 

effect carbon dioxide incorporation of, 
acetate-grown Pseudomonas KB1 (Kornberg, 

incorporation of, Pseudomonas fluor- 
escens, and Corynebacterium, grown ammonium 
acetate (Kornberg, L.) 535 

incorporation of, into etiolated 
maize seedlings (Goodwin, W.) 

Acetate, synthesis malate from, via glyoxylate cycle 
(Kornberg, Madsen, B.) 549 

Acetoacetate, simple micromethod for quantitative deter- 
mination of, biological fluids (Pawan, 

Acetobacter suboxydans, formation and 
acids from (Fewster, A.) 19P 

Acetobacter suboxydans, multiple pathways glucose oxid- 

Acetone, simple micromethod for quantitative determina- 
tion of, biological fluids (Pawan, 8.) 

Acetylcholine, bound, nature (Whittaker, 

N-Acetylchondrosin sulphate, formation of, chondroi- 
tinase Proteus vulgaris (Dodgson, Lloyd, G.) 

acid-labile precursor (Boyland, Sims, P.) 440 

N-Acetylneuraminic acid, synthesis (Cornforth, W., 

Actin, inactive form of, extracts myofibrils (Perry,S. 
Corsi, A.) 

Actin, localization of, myofibril (Corsi, Perry, V.) 

Actomyosin from uterus (Needham, Cawkwell, 
J.M.) 

Acyl coenzyme derivatives, evidence for formation of, 
during fatty acid synthesis (de Waard, Popjak, G.) 

Adenosine diphosphate, light-scattering and absorption 
effects caused addition of, heart-muscle sarcosomes 
(Chance, Packer, L.) 295 

Adenosine diphosphate, spectroscopic effects of, upon 
(Chance, M.) 283 

Adenosine phosphates, identification and estimation of, 
lens (van Heyningen, Pirie, A.) 

Adrenalectomy, enzymes concerned nucleic acid cata- 
bolism, affected (Reid, Stevens, M.) 
367 

Adrenaline, fluorimetric determination of, plasma 

Adrenocorticotrophic hormone, observations 
excretion during administration of, method for 
quantitative fractionation urinary 17-oxo steroids 
(Brooks, V.) 

Adrenogenital syndrome, observations steroid excretion 
in, method for quantitative fractionation urinary 
17-oxo steroids (Brooks, V.) 

Albumin, serum, amino acid incorporation into, micro- 
some preparations from regenerating liver (Campbell, 

Alkylbenzenes, metabolism Masri, M., Smith, 


Amide nitrogen various native protein preparations 
(Chibnall, C., Mangan, Rees, W.) 111 
*Amino acid chromatography, improved solvent combina- 
tion for (Bowden, 

Amino acid compositions three fractions from oxidized 
wool (Corfield, C., Robson, Skinner, B.) 348 

Amino acid decarboxylases, effects cations (Eggleston, 
V.) 557 

Amino acid esters, synthetic, effect urokinase and fibrino- 
218 

Amino acid incorporation into serum albumin microsome 
preparations from regenerating liver N., 

Amino acid requirements for formation reductive amina- 
tion system Bacillus subtilis (Shah, King, K.) 
19P 

Amino acids and their N-acetyl derivatives, separation of, 
paper chromatography and paper ionophoresis (White- 
head, K.) 653 

Amino acids, determination of, double isotope-dilution 
technique (Whitehead, K.) 662 

Amino acids, effect of, anaerobic phosphate-exchange 
reaction coli (Eggleston, V.) 673 

acids, use of, study sites and rates antibody 
synthesis living hyperimmune rabbits (Humphrey, 

alcohols, separation and quantitative determina- 
tion (Rees, W.) 118 

e-Amino groups bone and soft-tissue collagens (Solomons, 

acid, formation of, from succinyl-coen- 
zyme and glycine vitro (Gibson, D., Laver, 
Neuberger, A.) 

Smith, D.) 627 

3-Amino-1:2:4-triazole, inhibition catalase (Margo- 
liash, Novogrodsky, A.) 468 

Ammonia nitrogen various native protein preparations 
(Chibnall, C., Mangan, Rees, W.) 111 

Anthraquinones radiation-induced mutants Clado- 

Anthrone, reaction pentoses with (Bailey, W.) 669 

*Antibiotic E129, paper chromatography and microbio- 
logical assay synergistic components (Bessell, 
Fantes, H.) 

Antibodies, specific, forniation of, vitro (Askonas, 
Humphrey, H.) 252 

Antibody synthesis, use acids study sites 
and rates of, living hyperimmune rabbits (Humphrey, 

*Antigens, extraction and identification of, from tubercle 
bacillus (Leach, M.) 

Aromatic compounds, biosynthesis of, Neurospora crassa 
(Metzenberg, Mitchell, K.) 168 

Arylsulphatase human liver, purification and pro- 
perties (Dodgson, Wynn, H.) 387 

Ascorbic acid, biological synthesis (Mapson, 
Breslow, E.) 395 

Asparagine residues, estimation of, proteins (Chibnall, 

C., Haselbach, C., Mangan, Rees, W.) 122 
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Asparagine, use of, for biosynthesis casein and plasma 
proteins (Sansom, Barry, M.) 487 

Aspartic decarboxylase Nocardia globerula (Crawford, 
V.) 221 

Aspergillus niger, glyoxylate cycle (Kornberg, 
Collins, F.) 

Atherosclerosis, Wistar (Glaxo) rat experimental animal 
for production (Cuthbertson, J., Elcoate, V., 


Bacillus cereus, effect enzymes resting spores 

Bacillus megaterium, effect enzymes resting spores 

Bacillus megaterium, growth cycle and behaviour cells of, 
and changes produced lysozyme (Douglas, 
Parker, F.) 

Bacillus megaterium, site protein synthesis (Crathorn, 

Bacillus subtilis, amino acid requirements for formation 
reductive amination system (Shah, King, K.) 

Bacillus subtilis, effect enzymes resting spores 

Bacillus subtilis, structure acid from 

Barium monophosphotaurocyamine, preparation (Mor- 
rison, F., Ennor, Griffiths, E.) 447 

Benzhydrol, conjugation of, with glucuronide rabbit 
(Robinson, D.) 584 

Benzophenone, conjugation of, with glucuronide rabbit 
(Robinson, D.) 584 

Bile, form which phylloerythrin occurs (Perrin, D.) 
318 

Bilirubin, inhibitory effect human pregnancy serum, 
neonatal serum and steroids of, rat- 
liver slices (Lathe, Walker, M.) 

Blood, determination phylloerythrin (Perrin, D.) 
314 

Blood, enzymic determination acetaldehyde (Lund- 
quist, F.) 172 

Blood, form which phylloerythrin occurs (Perrin, 
318 

Blood group, alimentary-tract mucin, specificity (Paster- 
nak, A., Kent, Davies, E.) 212 

Blood, human, relationship between catalase and haemo- 
globin (Miller, H.) 275 

Blood, venous, arterial and cerebral, glutathione 

Blowfly (Calliphora erythrocephala), phosphorus compounds 

Bombyx mori, polyol dehydrogenase (Faulkner, P.) 374 

Bone, collagen (Solomons, Irving, T.) 499 

Bone marrow, rabbit, rate formation antibody 
(Humphrey, Sulitzeanu, D.) 146 

Bothrops jararaca, proteolytic activity venom (Hen- 
riques, B., Lavras, C., Fichman, M., Mandel- 
baum, Henriques, B.) 597 

Brain ganglioside, structure (Bogoch, 319 

Brain mitochondria, Pasteur effect (Balazs, Richter, 

D.) 

Brain slices, effect triethyltin metabolism (Cremer, 
685 

Broad bean, activation latent phenolase extracts 
leaves (Kenten, H.) 244 

Bromide space normal and abnormal subjects (Zilva, 

o-, and p-Bromonitrobenzenes, metabolism of, rabbit 
(Bray, G., James, Thorpe, V.) 561 


Calcium foetal tissues (Economou-Mavrou, 
Cance, A.) 573 
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Calcium, serum, rapid micro method for determining (Bett, 

Calliphora erythrocephala see Blowfly 

Carbon dioxide, effect of, incorporation 
acetate-grown Pseudomonas KB1 (Kornberg, 

Carcinoma, thyroid, purity thyroglobulin isolated from 
(Easty, C., Slater, Stanley, G.) 210 

acid into, etiolated maize seedlings 
(Goodwin, W.) 

Carotenoid pigments, changes in, the leaves deciduous 
trees during autumn necrosis (Goodwin, W.) 503 

Cartilage chondroitin sulphate, degradation of, chon- 
droitinase Proteus vulgaris (Dodgson, Lloyd, 

Cartilage, presence non-collagenous protein (Part- 
ridge, Davis, F.) 298 

Casein, use asparagine and glutamine for biosynthesis 
(Sansom, Barry, M.) 487 

Catalase and haemoglobin, relationship between, human 
blood (Miller, H.) 275 

Catalase, inhibition of, 3-amino-1:2:4-triazole (Margo- 
liash, Novogrodsky, A.) 468 

Cellulase, microdetermination cellulose studies with 
(Halliwell, G.) 605 

Cellulose, microdetermination of, studies with cellulase 
(Halliwell, G.) 605 

Chlorophyll pigments, changes in, leaves deciduous 
trees during autumn necrosis (Goodwin, W.) 503 

Cholinesterase inhibited with organophosphorus com- 
pounds, reactivation of, 2-oxoaldoximes (Green, 

Cholinesterase inhibited with organophosphorus com- 
pounds, reactivation of, pyridinealdoxime methiodides 

Chondroitin sulphate, cartilage, degradation of, chon- 
droitinase Proteus vulgaris (Dodgson, Lloyd 
A.G.) 

Chondroitinase Proteus vulgaris, degradation cartilage 
chondroitin sulphate (Dodgson, Lloyd, G.) 

*Chromatography tank, automatic device for delivering 
mobile phase pre-determined time into upper trough 

Citrate oxidation, inhibition of, glyoxylate liver 
homogenates (D’Abramo, F., Romano, Ruffo, A.) 
270 

Citric acid, concentration of, allantoic fluid pig and 
relationship calcium concentration 
Mavrou, McCance, A.) 573 

Cladosporium fulvum, anthraquinones radiation-induced 
mutants (Day, Sherratt, H.S. A.) 

Claviceps purpurea, biosynthesis ergothioneine 
(Heath, Wildy, J.) 407 

Clotting, changes distribution phosphorus platelet- 
rich plasma during (Born, R.) 695 

Clupea harengus see Herring 

Cobalt complexes, oxygenated, colorimetric determination 
177 


Codling (Gadus callarias), estimation free sugars 
skeletal muscle (Jones, R.) 704 

Codling (Gadus callarias), post-mortem changes acid- 
soluble nucleotides rested muscle of, (Murray, 

Cod-liver oil diet, effect of, composition hen’s egg 
phospholipids (Rhodes, 380 

Coenzyme requirements synthesis squalene and sterol 
from mevalonic acid cell-free preparations rat 
liver G., Gosselin, Gore, Youhotsky) 
15P 
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Collagens, hard- and soft-tissue, reaction of, with 1-fluoro- 
2:4-dinitrobenzene (Solomons, Irving, 499 

*Colloids, protective, urine (Souter, F., Anderson, 

Colon, incorporation by, vitro (Pasternak, 

Copper (II) complexes histidine and histamine (Datta, 

Cortisol, metabolism of, liver vivo (Ulrich, F.) 
361 

Corynebacterium species, incorporation by, 
grown ammonium acetate (Kornberg, L.) 535 

o-Coumaric acid, metabolism (Mead, R., Smith, 

Williams, 

Coumarin, paper chromatography of, and its derivatives 

Cuticle, earthworm, chemical composition (Watson, 
416 

S-benzyl-, «-methyl- and 
synthesis (Arnstein, V.) 333 

content foetal-human haemoglobin 
(Hommes, A., Dozy, Huisman, J.) 309 

Cysteinylvaline peptides, cyclic, investigation of, pre- 
528 

Cystine and valine analogues, effect of, penicillin syn- 
thesis (Arnstein, Margreiter, H.) 339 

(Arnstein, V.) 333 


Decarboxylases, amino acid, effects cations (Eggle- 
ston, V.) 557 

Dehydroepiandrosterone, synthesis vitro sulphates 
(De Meio, H., Lewycka, C., Wizerkaniuk, 
Salciunas, O.) 

Dehydrogenase systems, localization of, with monotetrazo- 
lium salts and metal chelation (Pearse, 

Dehydroshikimic acid, production mutant 

Dentine, collagen (Solomons, Irving, 499 

Deoxyribonucleic acid, isotopic labelling of, ram semen 
(Dawson, 512 

Deoxyribonucleic acids, occurrence 6-methylamino- 
purine (Dunn, Smith, D.) 627 

Deoxyribonucleoproteins, displacement fractionation of, 
heparin and dextran sulphate (Kent, W., Hichens, 

Dextran sulphate, displacement fractionation deoxy- 
ribonucleoproteins (Kent, W., Hichens, Ward, 
568 

Diaphorase systems, localization of, with monotetrazolium 
salts and metal chelation (Pearse, 

2:4-Dinitrophenol, effect of, phosphate exchange 
Escherichia coli (Eggleston, V.) 673 

2:4-Dinitrophenol, uncoupling oxidative phosphorylation 
431 

Dipeptides, colorimetric determination of, means 
oxygenated cobalt complexes (Crook, Rabin, 
177 

Diphosphopyridine nucleotide diaphorase 
dehydrogenase systems, cytochemical demonstration 
relationships between (Pearse, E., Scarpelli, 

Disulphide and heparin interchange plasma clotting 
thrombin (Green, J.) 


E129, analysis and evaluation synergistic components 
(Bessell, J., Fantes, H., Hewitt, W., Muggleton, 


1958 


E129, preparation and properties of, from Streptomyces 
oestreogriseus Boothroyd, B., Lees, A., Raper, 

Earthworm cuticle, chemical composition (Watson, R.) 
416 

Eel esterase, effect activity of, towards different 
substrates (Bergmann, F., Rimon, Segal, R.) 493 

Egg phospholipids, hen’s, effect cod-liver oil diet 
composition (Rhodes, N.) 380 

Elastin, reconstitution of, from soluble protein derived 
from ligamentum nuchae (Wood, 

*Electrophoresis, membrane-filter, rapid small-scale tech- 
nique of, and its application immuno-electrophoresis 
(Kohn, J.) 

*Enzyme investigations, agar-plate techniques for (Pegler, 

Enzymes, effect of, resting spores Bacillus 
subtilis and cereus (Douglas, Parker, F.) 

*Equipment, pharmaceutical, and tabletting techniques 
(Lees, A.) 

*Equipment, roller drying and pelletting (Childs, 
Forbes, 

Eremothecium purine metabolism and riboflavin 
synthesis (Brown, G., Goodwin, Jones, 

Ergothioneine, biosynthesis of, Claviceps purpurea 
(Heath, Wildy, J.) 407 

Ergothioneine disulphide, preparation and properties 
(Heath, Toennies, G.) 204 

Escherichia coli, effect amino acids anaerobic phos- 
phate-exchange reaction (Eggleston, V.) 673 

Esterase, eel, effect activity of, towards different 
substrates (Bergmann, Rimon, Segal, R.) 493 

Euglobulins, fibrinolytic, effect of, synthetic amino acid 
esters (Schultz, Kaulla, von) 218 


Fatty acid composition ewe-milk fat, seasonal changes 
in, (Gerson, T., Shorland, Barnicoat, R.) 
644 

Fatty acid synthesis, formation acyl coenzyme deri- 
vatives during (de Waard, G.) 

Fatty acid synthesis, role microsomes (Lachance, 

Fatty acids, detection of, paper chromatograms 
32P 

Ferric perchlorate, determination iron 
material spectrophotometry (Wootton, P.) 
197 

Fibril formation from pancreas, assay insulin 
(Grodsky, 142 

Films: vitamin emerges. Defence against poliomyelitis 
(Glaxo Laboratories) 

Filter-paper and starch-gel electrophoretic methods, com- 
parison and combination of, applied human sera 

Fish eggs, vitamin (Plack, A., Thompson, 
Kon, K.) 

Flavonoids, late stages biosynthesis (Harborne, B.) 
12P 

*Flocculation tests, effect protein fractions (Cooke, 

1-Fluoro-2:4-dinitrobenzene, reaction some hard- and 
soft-tissue collagens with (Solomons, Irving, T.) 
499 

o-, and metabolism of, rabbit 
(Bray, G., James, Thorpe, V.) 561 

Freeze-drying equipment for large-scale laboratory use 
(Record, Taylor, R.) 420 

Fucose oligosaccharides human milk (Malpress, 


Vol. 


Gadus callarias see Codling 

dehydrogenase and synthesis 
ascorbic acid (Mapson, Breslow, E.) 395 

Galactopyranosiduronic acid, phenyl and and o-nitro- 

Galacturonidase and glucuronidase activity, relationship 
between, limpet and mammalian tissues (Marsh, 

Ganglioside, brain, structure (Bogoch, 8.) 319 

Gastrointestinal tissues, isolated, incorporation 
sulphate (Pasternak, A., Kent, Davies, 
E.) 212 

Gelatin, esterification, methylation, acetylation and guanid- 
ation (Kenchington, W.) 458 

y-Globulin, formation of, vitro (Askonas, 
Humphrey, 252 

acids, and 5-oxo-, formation of, from 
glucose Acetobacter suboxydans (Fewster, A.) 

Glucopyranosiduronic acid, phenyl and borneol, 
p-nitrophenyl and 2-acetamido-2-deoxy and 

formation and acids from, 
Acetobacter suboxydans (Fewster, A.) 19P 

Glucose oxidation, multiple pathways of, Acetobacter 

Glucuronidase and galacturonidase activity, relationship 
between, limpet and mammalian tissues (Marsh, 

Glucuronide formation hens (Baldwin, C., Robinson, 

Glucuronides from metabolism benzohydrazides and 
1:3:4-oxadiazoles (El Masri, M., Smith, 
Williams, T.) 587 

Glucuronides, investigation formation of, cats (Robin- 

Glutamine residues, estimation of, proteins (Chibnall, 
C., Haselbach, C., Mangan, Rees, W.) 122 

Glutamine, use of, for biosynthesis casein and plasma 
proteins (Sansom, Barry, M.) 487 

Glutathione and its analogues lens (Waley, 

Glutathione and neural tissues H.) 

Glutathione, biochemistry and biosynthesis (Isherwood, 
A.) 

Glutathione, enzyme systems associatied with oxidation 
and reduction of, plant tissues (Mapson, W.) 

Glutathione metabolism animals (Jocelyn, 36P 

Glutathione arterial and cerebral venous blood rabbit 

Glutathione, techniques for determining, animal tissues 

Glyceraldehyde, silkworm, reduction glycerol de- 
hydrogenase (Faulkner, P.) 374 

identification and estimation of, 
lens (van Heyningen, Pirie, A.) 

Glycerophosphorylcholine, identification and estimation of, 
lens (van Heyningen, Pirie, A.) 

Glycerophosphorylethanolamine, identification and estima- 
tion of, lens (van Heyningen, Pirie, A.) 

Glycerylphosphorylcholine, isotopic labelling of, ram 
semen (Dawson, 512 

Glycogen, content of, synovial membranes (Thomas, 
Page Dingle, T.) 231 

Glycolaldehyde, colorimetric determination (Dickens, 

Glycolysis isolated rat lymphocytes (Cooper, 
FitzGerald, 

Glycosiduronic acids, aryl, synthesis (Marsh, 
Levvy, A.) 617 

Glyoxylate cycle Aspergillus niger (Kornberg, 
Collins, F.) 

Glyoxylate cycle, synthesis malate from acetate via 
(Kornberg, Madsen, B.) 549 
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Glyoxylate, inhibition citrate oxidation by, liver 
homogenates (D’Abramo, F., Romano, Ruffo, A.) 
270 


Haem, changes addin 
(Smith, 
Haemoglobin and catalase, relationship between, human 
blood (Miller, H.) 275 

Haemoglobin, foetal-human, content 
(Hommes, A., Dozy, Huisman, J.) 
309 

Haemoglobin, human, amperometric titration 
groups in, with silver nitrate (Hommes, Huisman, 
312 

Heart-muscle sarcosomes, light-scattering and absorption 
effects caused addition adenosine diphosphate 
(Chance, Packer, L.) 295 

Heart-muscle sarcosomes, spectroscopic effects adenosine 
diphosphate upon respiratory pigments (Chance, 
Baltscheffsky, M.) 283 

*Heart, rabbit, isolated, preparation (Child, J.) 
33P 

HeLa cells, ‘synchronous’ division (Wildy, P.) 

Heparin and disulphide interchange plasma clotting 
thrombin (Green, J.) 

Heparin, displacement fractionation deoxyribonucleo- 
proteins (Kent, W., Hichens, Ward, V.) 
568 

Herring (Clupea harengus), estimation free sugars 
skeletal muscle (Jones, R.) 704 

Hexoestrol, excretion microgram doses of, rabbits and 
rats (Dodds, C., Folley, J., Glascock, 
Lawson, W.) 161 

Histamine, copper (II) complexes (Datta, P., Leber- 

Histidine, copper complexes (Datta, P., Leberman, 

Histidine, labelled, incorporation of, biosynthesis 
ergothioneine Claviceps purpurea (Heath, 
Wildy, J.) 407 

Histone, determination (Kent, W., Hichens, 
Ward, V.) 568 
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Hypophosphatasia, isolation and identification phos- 
phoethanolamine from urine (Cusworth, 262 

Hypophysectomy, enzymes concerned nucleic acid cata- 
bolism, affected (Reid, Stevens, M.) 
367 


Infrared spectra hydroxypyruvic acid and related com- 

Insulin, assay of, fibril formation from pancreas 
(Grodsky, 142 
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The 367th Meeting the Biochemical Society was held the Westminster Medical School (University 
London), Horseferry Road, London, Friday, November 1957, starting 2.15 p.m. when 


the following papers were read 


COMMUNICATIONS 


The Formation 5-Hydroxytryptamine O-Sulphate Rat-liver Homogenates. 


and (Department Chemical Pathology, Westminster Medical School, 


London, S.W. 


their study pathways which 5-hydroxy- 
tryptamine metabolized rat liver kidney 
preparations containing amine oxidase, Uden- 
friend, Titus, Weissbach Peterson (1956) found 
that only some was converted into 5-hydroxy- 
indoleacetic acid and noted the formation 
brown pigment. Unidentified indole derivatives 
were found carcinoid urines (Dalgliesh, 1956) and 
also when rat liver was perfused with 5-hydroxy- 
tryptamine (Dalgliesh Dutton, 1957). 

the present work attempt has been made 
identify some these unknown indole meta- 
bolites. When incubated with rat-liver homo- 
genates phosphate buffer, 5-hydroxytryptamine 
was converted into 5-hydroxyindoleacetic acid and 
brown pigment. When the indole derivatives and 
related compounds were isolated from the system 
adsorption deactivated charcoal (Dalgliesh, 
1956) and subjected paper chromatography, the 
presence hitherto unknown indole derivative, 
hot found the controls, was detected. be- 
haved single entity after paper chromato- 
graphy four different solvent systems. gave 
purple colour with p-dimethylaminobenzalde- 
hyde and also positive ninhydrin fluorescence 
test (Jepson Stevens, 1953), thus suggesting 


The Metabolism Tri- and Tetra-iodothyroacetic Acids Rats. 


indole derivative. Its failure give colour 
reaction with diazotized sulphanilic acid and with 
and nitrous acid indicated 
the absence free hydroxyl group, whilst its 
low (0-10 acid—water; 4:1:5, 
v/v) suggested that might phenolic ester. 

Hydrolysis with produced substance 
chromatographically identical with 5-hydroxy- 
tryptamine. Hexuronic acid tests were negative, 
but the hydrolysate contained sulphate. The un- 
known metabolite was thus provisionally identified 
5-hydroxytryptamine O-sulphate. 

Its formation under these conditions, and the 
similarity its value one the unknown 
compounds detected carcinoid urine (Dalgliesh, 
1956), suggest that liver detoxication mechanisms 
may play part the excretion 5-hydroxy- 
tryptamine. 
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(Department Chemical Pathology, Westminster Medical School, London, S.W. 


iodothyroacetic acid (TRIAC) and 
iodothyroacetic acid (TETRAC) have been studied 
rats various dose levels. The radioactivity 
the urine was shown consist almost exclusively 
thyroxine and tri-iodothyronine, the urinary 
could regarded measure the extent 
de-iodination (Wilkinson, Sprott, Bowden 
Maclagan, 1954; Maclagan Wilkinson, 
1954). 

Both compounds were de-iodinated lesser 


a 


extent than thyroxine tri-iodothyronine the 
intact animal: this result parallels similar observa- 
tions using rat-liver preparations (Maclagan 
Reid, 1957). While the combined urinary and 
faecal output TRIAC was similar that tri- 
iodothyronine, that TETRAC was much less 
than that any the other three compounds. 
view the similar relatively transient effects 
exerted TRIAC and TETRAC oxygen con- 
sumption (Thibault, 1956; Lerman Pitt-Rivers, 
1956) surprising that their excretion patterns 
differ markedly. would seem that TETRAC 


Ip 
may converted into some inactive form which 
only slowly excreted. 
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have previously reported that the vitamin 
activity herring eggs, measured biologically, 
times greater than the chemically deter- 
mined activity, measured after extraction and 
saponification (Fisher, Harrison, 
Thompson Todd, 1956). that time, the 
unusual form vitamin activity could not 
detected lipid extracts prepared from the eggs 
several methods. Having modified the ethanol- 
light petroleum technique, are now able 
extract some the vitamin activity, 
determined liver-storage tests with rats. 
Chromatography such extracts 
weakened alumina yields all-trans vitamin 
aldehyde, which was identified its characteristic 
Carr—Price reaction, mixed chromatography, 
its absorption curve and its reduction all- 
trans vitamin alcohol and conversion this 
product anhydrovitamin A,. measured 
chemically, lipid extracts from herring eggs con- 
tain vitamin A/g. the aldehyde and 
ester about equal proportions. The biological 
activity such extracts herring eggs ac- 
counted for their content the various forms 
vitamin 
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reported previously, the vitamin activity 
initially associated with protein and water 
soluble. Extraction with ethanol light 
petroleum breaks down this protein complex but 
apparently leaves the vitamin aldehyde at- 
tached lipid, shown the following pro- 
perties: (1) chromatography ethanol-weakened 
alumina (Thompson, Ganguly Kon, 1949) gives 
only small part the total aldehyde elution 
with (v/v) acetone n-hexane (‘free’ alde- 
hyde); (2) further ‘free’ aldehyde may obtained 
shaking the extract with water, with aqueous 


alumina; (3) acetone solution biological 


activity the extract reduced, whereas that 
‘free’ vitamin aldehyde not affected. 

have found vitamin aldehyde also the 
eggs cod, haddock and whiting, again combi- 
nation with lipid. the best our knowledge, 
this the first reported occurrence vitamin 
aldehyde tissues other than the eye. 
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Amino Acid Activating Enzymes Mammary Tissue and their Possible Role Protein 
Synthesis. (National Institute for Research Dairying, Shinfield, Reading) 


Lipmann’s (1941) suggestion that phosphate bond 
energy ATP may used for the carboxyl 
activation amino acids first step protein 
synthesis has been confirmed number recent 
observations (Hoagland, 1955; Berg, 1955). ATP- 
dependent amino acid activations have been found 
variety tissue, suggesting that enzyme- 
bound amino acid—adenylates were formed, which 
ean assayed exchange into ATP or, 
the presence hydroxylamine, the rate 
formation amino acid hydroxamates. High 


concentrations enzymes activating some amino 
acids were found, while activation others could 


barely detected (see, for example, Davie, Konigs- 


berger Lipmann, 1956). 

Mammary tissue from animals full lactation 
has many good features for the study active 
protein synthesis, and one aspect our studies 
this system have examined the relative 
activation different amino acids. found that 
such tissue, too, tryptophan accounted for 
least 80% the total amino acid activation 
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experiments were designed test whether this was 
due any artifact preparation assay. 
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the relation between such activation in- 

corporation amino acids into microsomes. 


acid formation and exchange 
into ATP (carried out collaboration with 
Glascock) were followed. Unfractionated particle- 
free supernatant, rapidly prepared from fresh 
guinea-pig and bovine mammary tissue, was 
examined the hope preserving all activating 
systems their natural proportions. High blanks 
hydroxamate formation are found without 
added amino acids, but pyrophosphate inhibition 
the enzymes left similar blanks, indicating that 
they were due reactive acyl derivatives the 
homogenate and not due free amino acids. 
whole supernatant, activation any one amino 
acid other than tryptophan, and much smaller 
extent tyrosine, was barely significant. Some 
fractions, containing small proportion the total 
activity, did activate other amino acids. 


Bromide Space Normal and Abnormal Subjects. 
(Departments Chemical Pathology and Physics, Westminster 


Hospital Medical School, London, S.W. 


The method Bradley, Davidsson, MacIntyre 
Rapoport (1956) was used estimate bromide 
space normal and abnormal subjects. oral 
and values estimated varying intervals following 
this. Urinary loss was determined and allowed for. 
significant statistical difference was found 
between the values obtained and 24hr., 
indicating that equilibration was complete six 
hours (Nicholson Zilva, 1957). 

There are disadvantages relating bromide 


Incorporation all other amino acids was much 
greater than that tryptophan. This would 
suggest that activated amino acids are not randomly 
coupled microsomal protein but are incorporated 
proportions determined some factor other 
than their rate activation. The establishment 
concrete link with novo protein synthesis will 
have await new method for following such 
activation. 
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space the patient’s height weight separately 
surface area, and chart has been devised 
which attempts overcome 
Examples the bromide space various condi- 
tions plotted this chart will shown and dis- 
cussed. 
REFERENCES 
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(M.R.C. Cell 


Metabolism Research Unit, Department Biochemistry, University Oxford) 


Aspergillus niger grows readily medium con- 
taining acetate sole source carbon. Sus- 
pensions the washed mycelia oxidize acetate and 
all the intermediates the tricarboxylic acid 
indicating that this oxidative pathway 
operates the organism under these conditions. 
However, the reactions the acid 
cycle are not sufficient explain either the net 
formation cell constituents from acetate the 
accumulation intermediates, such citric acid. 
mechanism account for these phenomena 
could supplied the glyoxylate cycle (Korn- 
berg Krebs, 1957; Kornberg Madsen, 1957a, b), 
variant the tricarboxylic acid cycle leading 
the net formation C,-dicarboxylic acids from 


acetate, which has been demonstrated acetate- 
grown Pseudomonas (Kornberg Madsen, 
and castor bean endosperm (Kornberg Beevers, 
The experiments reported here were 
undertaken investigate the occurrence this 
Aspergillus extracts. 

Cell-free extracts, prepared after crushing the 
acetate-grown mould the Hughes press (Hughes, 
1951), contain aceto-CoA-kinase (Jones Lipmann, 
1955) and form coenzyme the 
presence ATP, coenzyme MgCl,, glutathione 
and When this system was incubated 
with the intermediates the tricarboxylic acid 
cycle, major incorporation isotope from acetate 
occurred only with oxaloacetate, form labelled 


a2 


) 
— == 


citrate, and with isocitrate, form labelled malate. 
These findings indicate the occurrence the 
glyoxylate cycle Aspergillus. This was confirmed 
demonstrating the presence these extracts 
(Olson, 1954), catalysing the aldol 
fission succinate and glyoxylate, and 
malate synthetase (Wong 1956), catalys- 
ing the formation malate from acetyl coenzyme 
and glyoxylate. The rates incorporation 
from into malate the presence 
either glyoxylate isocitrate were the same 
order those required account for the observed 
syntheses cellular material when Aspergillus 
niger grows acetate. 

These findings confirm the suggestion (Kornberg 
Krebs, 1957) that the operation the glyoxylate 
cycle provides explanation for the growth 
Aspergillus and for the accumulation inter- 
mediates, such citric acid, when acetate 
supplied sole carbon source. 


The Site Protein Synthesis Bacillus megaterium. 
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(Chester Beatty Research Institute, Royal Cancer Hospital, Fulham Road, London, S.W. 


time study the incorporation labelled amino 
acids into subcellular fractions derived from proto- 
plasts Bacillus megaterium showed that the 
initial incorporation radioactivity took place 
predominantly the protein fraction derived from 
the cytoplasmic membranes. After about min., 
however, the extent labelling the cytoplasmic 
protein was great as, and subsequently increased 
greater rate than that of, the membrane 
protein (Hunter, Crathorn Butler, 1957). 

thus seemed likely that the initial stages 
protein synthesis this organism involved the 
cytoplasmic membrane, and further light has now 
been thrown this point result experi- 
ments carried out with cell-free systems. Biologic- 
ally active membrane fractions were prepared 
disrupting protoplasts phosphate buffer and 
removing the membranes sedimentation. After 
washing and resuspending medium containing 
inorganic salts and glucose, was found that the 


membrane fraction could incorporate labelled 


amino acids into protein rates comparable with 
those obtaining the membranes whole proto- 
plasts incubated similar medium. However, 
plot incorporation radioactivity into protein 
against time was linear the case isolated 


membranes for periods incubation 
hr. 

further series experiments, membranes 
labelled this way were washed and reincubated 
with the cytoplasm removed previously. Under 
these conditions, there was loss radioactivity 
from the combined protein fractions, but very 
considerable amount the label was transferred 
from the membranes the cytoplasmic protein, 
without any appreciable alteration the weights 
the two fractions. The greatest transfer was ob- 
tained early times, amounting 60% with 
membranes labelled for sec. only. 

the other hand, attempts obtain direct 
vitro incorporation amino acid into cyto- 
plasmic protein have not met with significant 
success. therefore suggested that the primary 
site protein synthesis megaterium 
associated with the cytoplasmic membrane, always 
with the assumption that the incorporation 
cesses studied are representative protein 
synthesis. 
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Respiration and Glycolysis Isolated Rat Lymphocytes. 


FirzGERALD.* (Department Biochemistry, University 


Little known the metabolism isolated normal 
lymphocytes. Many experiments have been made 
various lymphoid tissue preparations; but these 
tissues contain cells other than lymphocytes. 
rat lymph nodes for example weight 
material (Trowell, 1957) and 
thymic tissue Praetorius (1947) found 1-3% 
reticulum cells which actually contributed 
the total cytoplasmic volume. have obtained 
lymphocytes cannulating the duct 
rats using the method Bollman, Cain Grindlay 
(1948). Apart from occasional red blood cells the 
lymphocyte the only cell present the lymph. 
These lymphocytes when freshly collected and 
examined with phase-contrast microscope 37° 
show their characteristic pseudopodial movements. 
These movements were also seen after the cells 
were chilled for hr. and then rewarmed 37°, 
after shaking aerobically Krebs—Ringer phos- 
phate for 5hr. 37° and after shaking 
anaerobically 37° for hr. Hence 
have concluded that our experiments have been 


Clinical Research Fellow, Medical Research Council. 


made living cells. The oxygen uptake/hr./ 
addition 100 mg. glucose the did not 
alter the respiration rate the first The 
oxygen consumption was proportional the cell 
cytes/ml. one hour 0-03 lactic acid was 
K.R.P.; the addition 100mg. glucose in- 
creased the anaerobic production lactic acid 
air lactic acid was produced 
K.R.P. alone and with 100 mg. glucose 
different times hr. after cannulation did 
not show any significant differences their 
respiratory rate anaerobic glycolysis. 
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The Pasteur Effect Brain Mitochondria. and (Neuropsychiatric 


Research Unit, Whitchurch Hospital, 


Whole brain homogenates not show the Pasteur 
effect; but 50-80% aerobic inhibition glyco- 
lysis was obtained with fortified suspensions 
‘sucrose mitochondria’ from rat brain. The extent 
aerobic inhibition lactate formation averaged 
60% with glucose 40% with glucose 
phosphate and 13% with hexosediphos- 
phate substrate system containing 
phosphate buffer 
7:4, 
acetate, and 
This indicated partial inhibition 
glycolysis the two phosphorylating steps 
(hexokinase; phosphohexokinase) and also below 
the hexosediphosphate level. 

The extent the aerobic inhibition depended 
the cofactors ATP and DPN: the omission either 
both increased the aerobic inhibition lactate 
formation from glucose the presence 
the cofactors, the glucose consumption under 
aerobic conditions was larger than could 
accounted for the CO, and lactate formed, and 


was found that there was considerable accumu- 
lation fructose 1:6-diphosphate and glucose 
phosphate. 

The addition Krebs’s cycle intermediates 
ketoglutarate) ensure the regeneration ATP, 
increased the glucose consumption, and decreased 
the aerobic inhibition glycolysis 20-30%. 
Under these conditions there was also accumu- 
lation hexosephosphates, and the extent the 
aerobic inhibition again depended the concen- 
trations ATP and DPN. With the complete 
system (Krebs’s cycle intermediates, ATP, DPN) 
the aerobic inhibition lactate formation from 
hexosediphosphate was and was the same 
the enolase was blocked 
fluoride: but the inhibition was negligible ATP, 
DPN, Krebs’s cycle intermediates were omitted. 

The aerobic inhibition glycolysis was abolished 
freezing and thawing: therefore appeared 
depend the intactness the mitochondria 
structure. The implication the oxidative phos- 
phorylation system suggested the effect 
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which decreased the aerobic 
inhibition glycolysis with glucose substrate, 
but not with hexosediphosphate. 

Aisenberg Potter (1957) concluded from their 
experiments with liver mitochondria that the most 
likely mechanism the Pasteur effect inhibition 
the phosphohexokinase. The present results give 
evidence that the aerobic inhibition glycolysis, 


least our system, depends not single 
mechanism, but least two different processes 
operating above and below the hexosediphosphate 
level. 
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The Inhibitory Effect Human Pregnancy Serum, Neonatal Serum and Steroids the 
Bernhard Baron Memorial Research Laboratories, Queen Charlotte’s Maternity Hospital, London, 


Rat-liver slices conjugate bilirubin with glucuronic 
acid the rate wet liver/hr. the 
presence 0-016% bilirubin and 16% rat 
pooled human male serum (Lathe Walker, 1957). 
During pregnancy dialysable inhibitor con- 
jugation accumulates the plasma. Serum drawn 
term inhibits conjugation about 60%. 
delivery foetal serum inhibits about 40%. During 
the next days the inhibition maternal and 
infant sera drops about and respectively. 
The sera cat, dog, horse, cow, goat, sheep and pig 
also inhibit conjugation rat-liver slices. 

Fifty steroids have been examined 
medium) with rat-liver slices. Inhibitory ones 
included progesterone, pregnanediol, pregnane- 
triol, pregnanolone, aetiocholanolone and deoxy- 
corticosterone. The following characteristics are 
each compatible with inhibitory activity: 
20-one, Any one the following character- 
istics prevents the inhibition: 
pregnane, androst-5-ene, pregna-5-ene, androst-4- 
ene, and fully unsaturated 


ring. Although liver slices from rabbit and 
Macaca mulatta are also inhibited pregnancy and 
neonatal sera, none the fifty steroids which have 
been tested show this effect. Some additional factor 
must therefore involved. 

The sera and steroids have inhibitory effect 
o-aminophenol conjugation rat-liver slices, 
bilirubin conjugation rat-liver suspensions. 

The possibility that this unidentified inhibitor 
contributes the development jaundice the 
new born infant cannot excluded, although 
difference between the effect sera from jaundiced 
and normal infants was observed small series. 
Alone probably unimportant, but there might 
major enzyme defect the system conjugating 
bilirubin, which has been demonsirated new- 
born human infants (Lathe Walker, 1957). 


are indebted the Medical Research Council for 
financial assistance. 
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Evidence for the Formation Acyl Coenzyme Derivatives during Fatty Acid Synthesis. 
and (M.R.C. Experimental Radiopathology Research Unit, Hammersmith 


Hospital, Ducane Road, London, 12) 


has been shown previously Tietz, 
1955; Tietz 1955; Hele, 
Lauryssens, 1957) that cell-free enzyme prepara- 
tions made from the mammary gland lactating 
rats and rabbits synthesize even-numbered fatty 
acids from acetate depending the presence 
CoA, ATP and DPNH. Using partially purified 
enzyme system Hele al. (1957) have also demon- 
strated that the B-hydroxy- and 
saturated acids are intermediates fatty acids 
synthesis. With the well-known hydroxylamine- 


trapping technique they have isolated from incuba- 
tion mixtures the hydroxamates these com- 
pounds caprylic acid. 

have now shown that the activated forms 
the intermediates mentioned, from 
hydroxamates were derived, are fact acyl- 
coenzyme derivatives. These compounds have 
been isolated barium salts from incubation 


mixtures containing the partially purified soluble 
enzyme system described Hele al. (1957), 
coenzyme cysteine, ATP 
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and DPNH. The barium salts were divided into 
water insoluble and water 
insoluble fraction. The acylnucleotides obtained 
this way were chromatographed, after removal 
3a, Whatman no. paper with 
acid/ammonia/water (66:3:30 vol.) solvent 
system. The position the various substances 
the paper was determined measurement 
radioactivity with automatic scanning instru- 
ment. The substances eluted from the paper formed 
hydroxamates similar those obtained the 
hydroxylamine-trapping technique, and gave, after 
alkaline hydrolysis 100°, positive nitro-prusside 
reaction. 

From the main compound present the water- 
insoluble fraction acetohydroxamate was formed. 
This compound was chromatographically identical 
with synthetic acetyl-coenzyme and could 
converted almost quantitatively into citrate when 
incubated with oxaloacetate and crystalline citrate 
condensing enzyme. 

Experiments, which the acylnucleotides were 


isolated after varying times incubation, sup- 
ported the view expressed previously (Hele al. 
1957) that the synthesis fatty acids occurs via 
the coenzyme derivatives the 
hydroxy- and acids. The enzymes 
the mammary-gland preparations which catalyse 
the formation crotonyl-CoA from acetyl-CoA 
act also the oxidative direction. Thus the forma- 
tion citrate from synthetic crotonyl-CoA and 
oxaloacetate was demonstrated the presence 
mammary-gland enzymes, DPN and crystalline 
condensing enzyme. Furthermore, these enzyme 
preparations contain significant amounts butyryl 
dehydrogenase since the formation citrate from 
synthetic butyryl-CoA and oxaloacetate the 
presence DPN could also demonstrated. 
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(M.R.C. Experimental Radiopathology Research Unit, Hammersmith Hospital, Ducane Road, London, 


12) 


The synthesis short-chain fatty acids from 
acetate partially purified enzyme system made 
from homogenates lactating rabbit mammary 
gland has been reported previously (Hele, 
Lauryssens, 1957). The coenzyme requirements 
this system were: ATP, coenzyme and DPNH. 
Analysis the products synthesis vapour- 
phase chromatography (James Martin, 1952) 
revealed that the major component was crotonic 
acid accompanied small amounts butyric, 
and octanoic acids. Clearly the enzyme 
system was deficient enzymes cofactors re- 
sponsible for the reduction the activated form 
the fatty acid the saturated one. 

have now identified liver microsomes 
enzyme which the presence TPNH efficiently 
reduces crotonyl-coenzyme butyryl-coenzyme 
This step can demonstrated either the use 
combining microsomes with the purified and 
soluble mammary-gland enzyme which 
acetate, coenzyme cysteine, ATP, DPNH and 
TPNH have been added. The addition micro- 
somes caused tenfold increase the amount 
butyric acid formed with some increases hexanoic 
and octanoic acids well. 

Recently Seubert, Greull Lynen (1957) have 
bound particles which reduces oct-2-enoyl- 


known from which the cellular particles the 
enzyme described Seubert al. (1957) 
derived, but highly probable that also 
microsomal origin. The microsomes cannot effect 
the dehydrogenation butyryl-CoA crotonyl- 
CoA and therefore the TPN-specific enzyme 
responsible for the reduction crotonyl-CoA 
butyryl-CoA must regarded true reductase. 
propose the generic name 
for this class enzymes. Seubert al. (1957) 
called their enzyme ‘the reducing enzyme the 
fatty acid cycle’ (‘reduzierendes Enzym des 
appears now that there 
divergence between fatty acid oxidation and 
synthesis that the first step oxidation (de- 
hydrogenation fatty acyl-CoA the 
saturated fatty acyl-CoA) and the last step 
synthesis (reduction the fatty 
acyl-CoA the saturated fatty acyl-CoA) are 
catalysed different enzymes located different 
compartments the cell. 
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The Occurrence and Distribution Thymine and Methylated Adenine Bases Ribonucleic 
Acids. and Dunn. (Agricultural Research Council Virus Research 
Unit, Molteno Institute, University Cambridge) 


Thymine, 2-methyladenine, 6-methylaminopurine 
and 6-dimethylaminopurine are all present 
small amounts number microbial ribo- 
nucleic acids (RNA) (Littlefield Dunn, 1957). 
Examination RNA from animal, plant and viral 
sources has now shown that there some variation 
the distribution these compounds. While these 
methylated bases had not previously been observed 
RNA, they had all been isolated from natural 
sources (Kossel Neumann, 1893; Dion, Calkins 
Pfiffner, 1954; Brown, Cain, Gant, Parker 
Smith, 1955; Dunn Smith, 1955; Waller, Fryth, 
Hutchings Williams, 1953). 

have isolated the 2’, 3’-nucleoside phosphates 
each the four compounds from alkaline 
hydrolysate RNA from Escherichia coli, but 
routine procedure has been more convenient 
isolate and identify the ribosides these bases. The 
RNA was hydrolysed with n-KOH, the ribonucleo- 
tides purified paper chromatography and con- 
verted the ribosides with prostatic phospho- 
monoesterase (Markham Smith, 1952). Paper 
chromatography three solvent systems enabled 
separate the ribosides, which were identified 
spectroscopic and chromatographic comparison 
with specimens the known ribosides prepared 
enzymically. The purine ribosides were each con- 
verted the corresponding bases hydrolysis 
with 100° (Vischer Chargaff, 1948). 
Similarly, the thymine riboside was converted 
thymine heating with perchloric acid (Marshak 
Vogel, 1951) successive treatments with 
periodate and alkali (Whitfeld, 1954). seems 


probable that the bases occur the nucleic acid 
3’:5’-diester linkages the ribosides could also 
isolated from RNA hydrolysed with rattlesnake 
venom. 

The four methylated compounds, which all 
from strains coli, Aerobacter aerogenes and 
yeast, have not been invariably present all the 
RNA preparations examined. Only 
aminopurine and 6-dimethylaminopurine could 
detected rat-liver microsomes, and none the 
bases could detected RNA isolated from 
turnip yellow mosaic virus. RNA from wheat germ 
contains rather larger amounts thymine and 
6-methylaminopurine (3-4% the uracil) but 
only small amount 2-methyladenine. 


REFERENCES 


Brown, B., Cain, C., Gant, E., Parker, 
Smith, (1955). Biochem. 59, 82. 

Amer. chem. 948. 

Dunn, Smith, (1955). Nature, Lond., 175, 

Kossel, Neumann, (1893). Ber. chem. Ges. 26, 
2753. 

Littlefield, Dunn, (1957). Nature, Lond. (in 
the Press). 

Markham, Smith, (1952). Biochem. 52, 558. 

Marshak, Vogel, (1951). biol. Chem. 597. 

Vischer, Chargaff, (1948). biol. Chem. 176, 715. 

Waller, W., Fryth, W., Hutchings, Williams, 
(1953). Amer. chem. Soc. 75, 2025. 

Whitfeld, (1954). Biochem. 58, 390. 


Glutathione Arterial and Cerebral Venous Blood the Rabbit. 


THOMSON and TRESIZE. 


(Department Biochemistry, Institute Psychiatry, 


British Postgraduate Medical Federation, University London, Maudsley Hospital, London, S.E. 


After treating the blood with carbon monoxide 
and sulphosalicylic acid, glutathione 
determined several methods. Iodate titration, 
glyoxalase (Patterson 1955) and 
amperometric procedures (Benesch, Lardy 
Benesch, 1955) normally gave closely agreeing 
values for reduced glutathione arterial blood. 
few instances, the glyoxalase method gave 
values lower than the other two methods. 
cerebral venous blood, the glyoxalase determination 
gave values consistently lower than the other two 
procedures. Consequently, the glyoxalase but 
not the other methods, arterio-venous 
difference was displayed. modification the 


glyoxalase method enabling the oxidized form 
glutathione determined well the reduced, 
reported previously, showed the presence 
additional and also indicated that the 
total glutathione determined underwent 
change when the blood passed the brain 
Martin, Rodnight Tresize, 1957). 

appraising these results the major problems 
lie the differing specificities the three methods. 
Amperometrically and iodate, certain other 
thiols may determined, though our experience 
does not agree entirely with that Patterson 
Lazarow (1954) this respect. Compounds 
structurally related glutathione can activate 
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inhibit glyoxalase preparations (Kermack 
Matheson, 1957). has been found that the 
present glyoxalase methods, but not the iodate 
amperometric methods, determine S-acetylgluta- 
thione. Little this has been found the blood. 

If, suggested earlier, the initial observations 
imply oxidation glutathione the brain, 
corresponding changes such reduction must take 
place other substances; dipeptides cysteine 
have been reported blood (Binkley, Fujii 
Kimmel, 1950; see, however, Patterson Lazarow, 
1954). The cerebral production inhibitor 
glyoxalase also possible; glutathione analogues 
are natural occurrence (Waley, 1957). The 
glyoxalase assay has not proved susceptible 
interference several known compounds, nor 
the preparations from cerebral venous blood con- 


tain substances which affect the assay and which 
are easily extracted ether lost heating. 
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Methods 


Post-mortem Changes Acid-soluble Nucleotides Rested Codling (Gadus callarias) Muscle 
0°. Murray and (Torry Research Station, Aberdeen) 


earlier communication reported changes 
the acid-soluble nucleotides from the muscle 
exhausted codling (Jones Murray, 1957). 
Bendall and Davey (personal com- 
munication) obtained somewhat similar results 
with rested rabbit muscle 17° and 37°. now 
report study muscle from rested fish. Condi- 
tions storage, preparation and analysis were 
before but the fish were fed squid lib. for weeks 
before death: zero-time controls were dropped 
directly into liquid air. 

With Dowex-1 formate-elution system (Hurl- 
bert, Schmitz, Brumm Potter, 1954) obtained 
separations similar those from exhausted codling, 
with the exception unidentified peak following 
AMP. This substance appeared catabolically 
stable, being present the muscle days after 
death. 

DPN levels fell from 0-107 (means 
four samples; all subsequent values are given 
identical units) 0-072 day, 0-025 days, 
levelling 0-016 after days. ATP fell rapidly 
over the first day from 5-34 0-113 and thereafter 
constant 0-04 6-8 days. IMP, produced 
deamination and dephosphorylation ATP, rose 
from 4:34 day and subsequently fell 
steadily, with liberation inosine, 
AMP fell from 0-690 0-109 day and 
thereafter fell, levelling off 0-04 5-8 days. 
ADP rose initially from 0-576 0-639 the first 
day and then fell roughly constant 0-22 from 
days. 

The rate IMP removal was similar that 


muscle from exhausted animals but the adenine 
nucleotides were markedly different their final, 
‘stable’ levels. our earlier communication 
thought reasonable suppose that this residual, 
adenine nucleotide fraction corresponded the 
nucleotide’ myofibril (Perry, 1952). Our 
present figures, for rested fish, show that, while the 
total residual adenine nucleotide (excepting DPN) 
figure was similar that exhausted 
animals (0-38), proportions individual nucleo- 
tides were different. ADP values were higher 
muscle from rested fish (0-22 compared with 
0-14), whereas both AMP and ATP were consider- 
ably lower (both 0-04 compared with 0-10 and 
respectively). The explanation for this may 
the post rigor pH’s 6-3 rested fish and 6-8 
exhausted fish relation the activity muscle 
myokinase, which optimally active 7-5 
(Colowick, 1955), and could possibly attack ‘bound 
ADP’ pH-dependent equilibrium. 


This work was carried out part the programme 
the Food Investigation Organization, 
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DEMONSTRATIONS 


Improved Solvent Combination for Amino Acid Chromatography. (Depart- 
ment Chemical Pathology, Westminster Medical School, London, S.W. 


(Department Chemical Pathology, Westminster Medical School, London, S.W. 


(Department Chemical Pathology, Westminster Medical School, London, S.W.1) 


Rapid Small-scale Technique Membrane Filter Electrophoresis and its Application 


(Roehampton) Hospital, London, S.W. 15) 
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The 368th Meeting the Biochemical Society was held the Institute Basic Medical Sciences, Royal 
College Surgeons England, Lincoln’s Inn Fields, London, W.C. Friday, December 1957, 
starting 11.30 a.m. when the following papers were read: 


COMMUNICATIONS 


Phosphorus Compounds Thoracic Extracts the Blowfly, Calliphora erythrocephala. 
Price and Lewis. Pest Infestation Laboratory, London Road, Slough, Bucks) 


have used combined radiometric scanning and 
paper chromatographic techniques (Winteringham, 
Harrison Bridges, 1952; Winteringham, Bridges 
Hellyer, 1955) study the phosphorus com- 
pounds the soluble fraction and the sarco- 
somes from the thoracic muscle adult blowflies. 
The flies were supplied for hr. with water con- 
taining which was replaced 
distilled water hr. before they were dissected. 
Isolated thoraces were crushed mortar, to- 
gether with solution containing sucrose 
diaminetetra-acetate The sarco- 
somes were isolated described Lewis 
Slater (1954) and then washed with the above 
medium. The washed sarcosomes were extracted 
first with acid aqueous ethanol 
15° and then with (3:1). 

The phosphorus compounds the ‘soluble 
fraction’ and the sarcosome extracts were identi- 
fied cochromatography with known compounds 
least three solvent systems, their behaviour 
acid hydrolysis, and their absorption spectra. 
The following compounds have been identified 
the soluble fraction: adenosine triphosphate (ATP), 
adenosine diphosphate (ADP), adenylic acid 
(AMP), glucose 6-phosphate, phosphoglyceric acid, 
phosphoprotein, and orthophosphate. These com- 
pounds were also the principal intermediates 
found the adult housefly (Winteringham al. 
1955). The sarcosome extracts contained ATP, 
ADP, AMP, diphosphopyridine nucleotide, phos- 


phoprotein, phospholipid, and orthophosphate. 
The bulk the phospholipid occurred the 
extract, and was the only phos- 
phorus compound found there. 

Although has been shown Levenbook 
Williams (1956) that the sarcosomes make 
approximately 40% the total muscle mass, 
our preparations they contained only the 
suspension. 

The ratios total min.- 
hydrolysable the ATP and ADP 
from the soluble fraction were and 1-97:1 
respectively, indicating that these nucleotides were 
uniformly labelled. The phosphorus content 
the muscle suspension was measured, and, assum- 
ing that isotopic equilibrium had been achieved, 
the amount ATP the soluble fraction was 
calculated. The amount ATP isolated from this 
fraction was again calculated after measuring the 
absorption The agreement between 
these two values was sufficiently close suggest 
isotopic equilibrium had fact been achieved. 
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Anthraquinones Radiation-induced Mutants Cladosporium fulvum. Day and 
(John Innes Horticultural Institution, Bayfordbury, Hertford, Herts) 


The phytopathogenic fungus, Cladosporium 
produces pigment giving purple reaction with 
alkalis (Hasper, 1925). few colonies 
obtained from spores irradiated with X-rays 
ultraviolet light the course mutation experi- 
ments (Day, 1957) differed pigmentation from 
normal colonies. Two types mutants giving 


red colour with alkali were obtained addition 
green mutants which did not. 

One mutant each class was investigated 
more detail. Yellow pigments could extracted 
with organic solvents from the red mutants and 
from the purple wild type organism, grown 
oatmeal slopes. Relatively pure solutions these 


N. 

N. 

— 


compounds could obtained washing slope 
culture the organism with ethanol. Such 
extracts give well-defined absorption spectra. The 
wild-type pigment had maxima 235, 270, 280 
and one red mutant had 
maxima 220, 252, 267, 288 and the 
other 227, 260 and 435 this latter mutant 
formed crystals the pigment the agar. 
Extracts the green mutant only gave absorption 
below 310 with inflexion The 
wild type and red mutant pigments each gave 
characteristic colours with alkali and aluminium 
chloride solutions. 

Chromatography calcium carbonate columns 
has not far resolved any these pigments. The 
results suggest that each form produces only one 
pigment, mixture closely related pigments. 
These substances have not been prepared 
crystalline form since they tend become in- 
soluble change during manipulation, and 
because the slow growth the organism only 
small quantities can obtained. The solubilities, 
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colour reactions and spectra (Briggs, Nicholls 
Paterson, 1952; Birkinshaw, 1955) indicated that 
these substances were hydroxylated 
quinones. 

These results indicate that each the forms 
obtained had different anthraquinone derivative 
(or derivatives) whose synthesis under gene 
control, although the absence sexual 
analysis. Several other pigment mutants probably 
similar those described were also obtained. 
These mutants may represent genetic blocks the 
synthesis the wild-type pigment, 
mutants may value elucidating the stages 
the biosynthesis the anthraquinones. 
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SHERRATT). (John Innes Horticultural Institution, Bayfordbury, Hertford, Herts) 


has recently been shown feeding plants with 
labelled compounds that the C,, skeleton the 
flavonoid molecule synthesized condensation 
three acetate units with acid 
(Geissman Swain, 1957; Grisebach, 1957; 
Watkin, Underhill Neish, 1957). The steps 
which flavonoid molecules are elaborated 
hydroxylation, methylation, glycosidation and 
acylation, and the relationship between the 
different classes flavonoid pigment still remain 
elucidated. Some information may 
obtained identifying all the flavonoids present 
series colour mutants cultivated plants. 
Only two plants, Antirrhinum majus (Geissman, 
Jorgensen Johnson, 1954) and Dahlia variabilis 
(Bate-Smith, Swain Nordstrém, 1955) have 
previously been thoroughly investigated this 
respect. This approach has now been extended 
include four other plants, which flower colour 
variation extensive and about which genetic 
information available. They are the tuberous 
Solanums, Primula sinensis and related Primu- 
laceae, Streptocarpus hybrids and Verbena hybrids. 
variety other plant material has been ex- 
amined less detail. 

The flavonoids have been identified com- 
parison with known pigments, using paper chro- 
matography, spectrophotometry and colour re- 


actions. The eleven flavonoids wide occurrence, 
namely six anthocyanidins, three flavonols and 
two flavones, are closely related chemical 
structure. Most these pigments 
found each group plants examined. clear 
that basic pigment metabolism common all 
these plants, although they are botanically 
related. The most striking finding that most 
colour mutants contain flavonols 
cyanidins with the same hydroxylation pattem. 
Thus kaempferol occurs with pelargonidin, quer- 
cetin with cyanidin and myricetin with delphinidin. 
This result obscured variations 
between competing pathways, which explains why 
related pigments have not usually been found 
wild-type plants. 

The relationship com- 
plicated Verbena and Streptocarpus mutants 
the presence flavone, which competes 
favourably than flavonol for the common 
cursor. seems that anthocyanidins, flavonols and 
flavones are synthesized the plant from the same 
precursor, which the hydroxylation pattem 
has already been determined. addition, the 
processes methylation and acylation, which 
affect only the anthocyanidins, and 
ation probably occur late stage 
thesis. 
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Rapid Micro Method for Determining Serum Calcium. Bett and 
(Department Clinical Chemistry, The University Aberdeen) 


new indicator for the estimation 
titration with ethylenediaminetetra-acetic acid 
has recently been described (Diehl Ellingboe, 
1956). The substance, which has been named 
has green colour alkaline solution 
presence calcium. When the calcium 
complexed with EDTA the colour changes 
brown. 

The present method based the observation 
that the sharpness the end point greatly in- 
creased carrying out the titration under ultra- 
violet light. The solution has bright green 
fluorescence which disappears when the calcium 
has been complexed. similar method has been 
described (Ashby Roberts, 1957) which 
excess EDTA added serum and the solution 
back titrated with calcium. 

the present method, the determination 
made direct titration using 0-1 ml. serum. 
The procedure rapid and the end point well 
defined. 

Reagents 


All solutions are prepared with de-ionized water 
and are stored polythene: 

(1) 

(2) Stock calcium solution; dissolve 2-5022 
A.R. CaCO, ml. HCl and make 11. with 
water. 

(3) Working calcium standard (equivalent 


Fractionation and Counter-current Distribution Ribonucleic Acids. 


5-0 m-equiv. prepared tenfold dilu- 
tion the stock standard. 

(4) Stock solution ‘calcein’ (synthesized 
the method Diehl Ellingboe, 1956). Dissolve 
100 mg. ‘calcein’ ml. and make 
100 ml. with water. This solution keeps for 
weeks room temperature. 

(5) Working solution ‘calcein’, 
100 ml. This prepared daily diluting ml. 
stock solution ml. with water. 

(6) Disodium ethylenediaminetetra-acetic acid 
solution: dissolved water and made 
11. 

Procedure 

small porcelain capsule. Add one drop indi- 
and titrate with EDTA from micrometer 
syringe under ultraviolet light. the end point 
the initial green fluorescence replaced blue- 
violet reflexion from the bottom the capsule. 
The standard calcium solution titrated the 
same way; the blank negligible and can 
ignored. apparatus for carrying out the titra- 
tion will presented the accompanying demon- 
stration. 
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Beatty Research Institute, Institute Cancer Research: Royal Cancer Hospital, London, S.W. 


Rat liver RNA prepared the phenol method 
(Kirby, 1956) base composition guanine (G): 
adenine (A):cytosine (C):uracil (U) 34-0:18-2: 
butoxyethanol solution potassium acetate. 
Three fractions are produced approximately 
equal quantities. The base ratios the three 
fractions order increasing solubility were 
(2) 
fraction could further fractionated treat- 


ment with 2-ethoxyethanol give two fractions 
base compositions 
(2) 13-7. The fraction with the 
relatively highest guanine had the greatest pro- 
portion amino acids attached it. 

Ribonucleic acids and the fractions from rat 
liver RNA have been studied counter-current 
distribution using 2-methoxyethanol, 2-butoxy- 
ethanol and phosphate buffers (pH 7-5) produce 
2-phase system (cf. Porter, 1953). After 200 


transfers rat liver RNA showed maximum the 
b-2 
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region tube 68, guinea-pig liver RNA showed 
maximum tube 84, while chicken liver RNA had 
maximum tube The RNA’s had similar 
base compositions. 

The three fractions prepared from rat liver RNA 
the action 2-butoxyethanol had maxima 
tubes and respectively. Summation the 
three curves did not produce the original curve 
rat liver RNA, indicating that this RNA com- 
plex mixture molecules which interact form 


aggregates. has been found that after counter. 
current distribution the contents the tubes are 
dialysable and hence the molecular weights the 
fractionated material must smaller than usually 
accepted for RNA. 
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The ‘Synchronous’ Division HeLa Cells. (Department Bacteriology, 


Hospital, London, S.W. 1), and NEWTON. 


Cambridge) 


During studies the growth human cervical 
cells (strain HeLa) vitro, has been 
observed that chilling the cells will induce 
partial synchrony cell division. Replicate 
cultures containing about 10° cells were incubated 
37° for hr. after subculture and then placed 
for Samples were taken for cell counts 
intervals after replacement the cells 37°. 
Cytological observations the cells during these 
growth periods have been made determine the 
frequency mitosis. Growth curves based the 
the estimations cell number suggest that little 
cell division occurred for least hr. 
after chilling: this time many 85% the 
then divided within further cell 
division was observed the following hr. after 
which most the cells again underwent division. 
Growth has not been followed for longer periods 
and uncertain whether division becomes 
‘randomized’ after these two division cycles. 
Determination the nucleic acid content 
these synchronously dividing cells has been made 
following fractionation the cell constituents 


(Department Pathology, University 


modification the method Ogur Rosen 
(1950). These results will discussed relation 
the current theories the time synthesis 
DNA the mitotic cycle (as reviewed Vendrely 
(1955) and Thorell (1955)). They will also 
pared results obtained with synchronously 
dividing micro-organisms (Hotchkiss, 1954; Scher- 
baum Zeuthen, 1954; DeLamater, 1956; Lark 
1956). 
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Acid-resistant Lyochromes, with Dithionite-quenchable Fluorescence, Occurring Ruminant 


Research Institute, Kirkhill, Ayr) 


Lyochromes were extracted from NaCl-saturated 
urine phenol. Adding ether the phenol layer 
threw out aqueous phase which paper chromato- 
graphy and paper electrophoresis (Modi Owen, 
1956; Manson Modi, 1957) showed contain 
four lyochromes one which was riboflavin. 
stimulated the growth Lactobacillus helveticus 
casei was adsorbed from aqueous solution 
floridin column and eluted 20% pyridine 
acetic acid. was extractable from 
benzyl alcohol (Bessy, Lowry Love, 1949) 


and was always present acid-treated urine 
and milk, whatever the animal’s diet. Urine 
from cows winter diets contained addi- 
tion, ‘substance which was microbiologically 
inactive, ran through floridin column and was 
not extractable benzyl alcohol. Urine 
goats and cattle eating only grass was richer 
riboflavin and contained substance and ‘grass 
metabolite’, which, unlike riboflavin 5’-phosphate 
was inert takadiastase. From paper chromato- 
grams grass metabolite was isolated yellowish 
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brown needles, melting 184°. was sparingly 
soluble cold water and more readily hot, its 
solution being acid litmus. contained and 
and gave white ash. Its absorption spectrum 
rose gradually from 450 peak 225 
Westerfield, Richert Higgins (1956) found such 
spectra metalloflavoproteins. Electrophoresis 
the paper chromatogram decomposed the grass 
metabolite into three substances, one behaving 
like riboflavin electrophoretically. The urine con- 
tained less grass metabolite autumn approached, 
thus precluding further preparations meantime. 
Like substance grass metabolite ran through the 
floridin column, was microbiologically inactive and 
was insoluble benzyl alcohol. attempt 
trace the origin these substances riboflavin 
were fed lactating goat eating only grass. 
There was slight increase the microbiological 
activity the urine and fourfold increase its 
dithionite-quenchable fluorescence due acid- 
resistant, floridin-adsorbable 
bolite’. This was eluted from floridin pyridine- 
acetic acid and was extractable alcohol. 


Milk secreted from 12-48hr. after dosing was 
bright yellow from this metabolite. contrast, 
acid-treated milk and urine, from goats ribo- 
flavin-deficient diet, contained only riboflavin. 
The values riboflavin, riboflavin metabolite, 
substance and grass metabolite were 0-42, 0-56, 
0-60 and 0-85 water, 4:1:5; 
Whatman, no. paper) and the distances moved 
respectively (Whatman, no. paper; borate 
buffer, 9-2; hr., 0-5 ma/em. width). 
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Coenzyme Requirements the Synthesis Squalene and Sterol from Mevalonic Acid Cell- 
free Preparations Rat Liver. and YOUHOTSKY GORE. 
(M.R.C. Experimental Radiopathology Research Unit, Hammersmith Hospital, Ducane Road, London, 


12) 


The discovery Tavormina, Gibbs Huff (1956) 
that 
precursor the biosynthesis cholesterol opened 
new ways for the investigation the enzymic 
reactions involved. has also been shown that 
(Cornforth, Cornforth, Youhotsky Gore, 
1957; Amdur, Rilling Bloch, 1957; Dituri, Gurin 
reported that for the synthesis squalene and 
cholesterol from acid rat-liver 
preparations only the soluble protein part 
the homogenates and the lighter microsome 
fraction were needed. 

study has now been made the coenzymes 
involved this synthesis. Precipitation the 
proteins from the fraction with ammonium 
sulphate, followed reconstitution the proteins 
0-02 and dialysis, removed effectively 
most the coenzymes from the preparations. 
Synthesis sterol combination the dialysed 
soluble enzymes with microsomes could achieved, 
however, the addition boiled extract 


Aspirant Fonds National Recherche Scienti- 
fique (Belgium). 


fresh and DPNH and TPN. The boiled 
extract could replaced adenosinetriphosphate 
(ATP) and reducing agent, such cysteine, 
glutathione, ascorbic 
acid. Glutathione and ascorbic acid were found 
the most effective agents. The full requirements 
for and squalene synthesis the combina- 
tion the crude soluble liver enzymes and micro- 
somes under conditions were: DPNH, 
TPN, ATP and glutathione (or acid), 
nicotinamide and Mg?+, optimum 

Under anaerobic conditions, when only squalene 
formed, the reducing agent not needed, but 
essential even for the formation squalene aerobic- 
ally. The results indicate that the reducing agent 
not coenzyme the synthetic reactions but that 
protects some vital SH-group involved the 
reactions preceding the formation squalene. 
definite role could assigned now co- 
enzyme although the formation from mevalonic 
acid least two ‘carboxyl-activated’ sub- 


stances the enzyme system could demon- 
strated and will reported detail later. The 
addition nicotinamide prevents the destruction 
pyridine nucleotides the microsomes. 


re 
8 
0 


16P 


Amdur, Rilling Bloch (1957) found that 
soluble extract bakers’ yeast required DPNH, 
TPN, ATP and (or for the synthesis 
squalene from mevalonic acid under aerobic 
anaerobic conditions; reducing agent was not 
needed. possible that the reactions the 
synthesis squalene the yeast and liver 
enzymes proceed somewhat different routes. 


lactone. 


Interest substance with 272 (cyclo- 
hexane) arose here when Festenstein (1951) and 
Cain (1951) isolated ether-soluble yellow pig- 
ment from horse and pig intestine, and horse liver 
respectively. Later work (Lowe, 1953; Heaton, 
1955) showed that chromatography unsaponifi- 
able material from certain organs normal and 
vitamin A-deficient rats permitted the separation 
previously unrecognized substances now desig- 
nated SA, and SC. vitamin A-deficiency 
increased amount was accumulated the 
liver and some other tissues rats (Lowe, Morton 
Harrison, 1953; Heaton, Lowe Morton, 1955) 
and the substance was therefore considered 
biological importance. 

The properties were outlined Festen- 
stein, Heaton, Lowe Morton (1955), and the 
ultraviolet absorption spectrum was found 
resemble closely that sterols with the 8(9)-ene- 
7:11-dione chromophore. The possibility that 
was such steroid has been examined (Wilson, 
1956) and rejected. 

Crystalline obtained from pig liver (200 mg.) 
and other sources gave melting points 
36° and 41°. The degree unsaturation deter- 
mined perbenzoic acid titration and direct 
hydrogenation (Pt) gave values double 
bonds and 8moles H,/mole respectively 
(calculated mol.wt. 642). Reduction converted 
(cyclohexane). Oxidation this com- 
pound back was quantitative. The oxidation- 

Isothermal distillation and cryoscopic methods 
gave considerably higher values for the mol.wt. 
than the Rast method. The analytical results 
naphthoquinone derivative with the non-quinonoid 
ring either fully partially hydrogenated. The 
third oxygen may (from the infrared spectrum) 
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alkoxyl group. Most the double bonds (at 
least not contribute the ultraviolet ab- 
sorption spectrum. this respect resembles 
vitamin but does not far appear 
derived directly from it. possible that more 
than one quinone with the same chromophoric 
group may occur naturally. 

Because its widespread distribution (Cun- 
ningham, 1956; Heaton, Lowe Morton, 1956; 
Vernon, 1956; Crane, Hatefi, Lester Widmer, 
1957; Heaton, Lowe Morton, 1957; Lowe, 
Morton, Cunningham Vernon, 1957; Lowe, 
Morton Vernon, 1957; Mervyn, 1957) and 
properties, the name ubiquinone proposed for 
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Formation Acid vitro from Succinyl-coenzyme and Glycine. 


Hospital, Paddington, London, 


previous communication (Laver Neuberger, 
1957) was shown that particulate system iso- 
lated from erythrocytes anaemic hens catalyses 
net synthesis acid (ALA) from 
succinate and glycine. Further work carried out 
this department two (W.G.L. and A.N.) 
collaboration with Udenfriend demon- 
strated that addition the substrates these 
particles require oxygen order form ALA, and 
the reaction stimulated the addition 
phosphate, coenzyme (CoA) and pyridoxal 
phosphate. was also found that «-oxoglutarate 
better precursor ALA than succinate. 

When the particles are disrupted homogeniza- 
tion, when they are freeze-dried, ALA formation 
from and glycine drops least 
80%. However, synthetic succinyl-CoA (Simon 
Shemin, 1953) substituted for «-oxoglutarate, 
ALA synthesis restored 40-80% the 
original. Freshly isolated whole particles are not 
able use succinyl-CoA. also appears that the 
system which forms ALA from succinyl-CoA and 


(Department Chemical Pathology, Mary’s 


glycine stable after freeze-drying and that can 
extracted, least partially, into solution. The 
addition pyridoxal phosphate causes twofold 
increase ALA synthesis, but there require- 
ment for oxygen, nor there any stimulation 
phosphate ALA also formed when the 
succinyl-CoA generated enzymically from suc- 
cinate, CoA and adenosine triphosphaie. 
phosphate (Kaufman, 1954) does not replace 
succinyl-CoA. these experiments ALA has been 
estimated colorimetrically both the method 
Shuster (1956) modified Udenfriend and 
condensation with acetylacetone (Mauzerall 
Granick, 1956). 
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Localization Dehydrogenase and Diaphorase Systems with Monotetrazolium Salts and 
Metal Chelation. (Postgraduate Medical School, Ducane Road, London, 12) 


Current histochemical methods for the succinic 
dehydrogenase system and for DPN- and TPN- 
diaphorases depend the use tetrazolium salts 
hydrogen These salts act accepting 
electrons from reduced DPN and TPN the 
presence flavoprotein enzymes, and from sub- 
strates the presence the appropriate oxidases. 
The resulting formazans appear the tissues 
coloured macrocrystalline deposits which com- 
pletely prevent localization the intracelluiar 
scale. The only reported exception the formazan 
from the ditetrazolium salt Nitro (Nachlas, 
Tsou, Souza, Cheng Seligman, 1957) which 
strongly substantive for protein. Diffusion from 
the site production and crystallization are thus 
diminished and intracellular localization becomes 
possible. 

The work Hunter Roberts who 
produced metal complexes formazans boiling 
acetone solution under reflex with Cu?+, 
and suggested that metal chelation forma- 
zans from monotetrazolium salts might function 
histochemically capture reaction (Holt, 1957). 
Attempts produce metal chelation under histo- 
chemical conditions were unsuccessful with every 
type formazan tested with the sole exception 
those from monotetrazoliums containing 


thiazol-2-yl groups (Beyer Pyl, 1954). sug- 
gested explanation for this will put forward. 

When derivatives this type were used 
standard incubating media, together with 
which permitted precise localization enzyme 
systems within mitochondria and sarcosomes. High 
molar extinction coefficients make these complexes 
ideal for light microscope studies, while the 
electron opacity induced their metal ions makes 
possible use them for the localization 
dehydrogenase systems electron microscopy. 
Chelation with results change absorp- 
tion spectrum (formazan, 560 cobalt- 
formazan, 660 and the presence cobalt 
has been confirmed autoradiography with 
hoped that such autoradiography will permit 
quantitative estimation the various enzyme 
systems. 

REFERENCES 


Beyer, Pyl, (1954). Chem. Ber. 87, 1505. 

Holt, (1957). Biochem. 65, 

Hunter, Roberts, (19416). chem. Soc. 823. 

Nachlas, M., Tsou, K-C., Souza, E., Cheng, C-S. 
Seligman, (1957). Histochem. Cytochem. 420. 


ot- 
ver, 
66, 
(at 
les 
re 
ric 
in- 
er, 
ve, 
ve, 
ool. 
fon, 
56). 
51). 
ver- 
— 


Succinic Dehydrogenase Systems. 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


Cytochemical Demonstration the Relationships between the DPN-diaphorase and the 


(Postgraduate Medical School, Ducane Road, London, 12) 


Simultaneous chelation with Co?+, Ni?+ Cu?+ 
the formazan produced enzyme activity 
fresh tissue sections smears from 2-(4:5-di- 
mide permits the localization the succinic de- 
hydrogenase (SD) and DPN-diaphorase (DPND) 
systems within the mitochondria all species 
far examined and also bacteria. 

The complexes from (dark 
blue), (steel blue) and Co?+ (black) are local- 
ized series points within the body the 
longer ones). This suggests the possibility 
relationship between these points and cristae mito- 
chondriales observed mitochondria means 
the electron microscope (Sjostrand Rhodin, 1953; 
Palade, 1952). 

far goes, present evidence suggests that 
when the and DPND systems co-exist they are 
localized the same regions. the intracellular 
level the use different chelators for the two 


systems allows them localized single 
section successive incubation appropriate 
media. Observation cells treated this way 
indicates that three types mitochondria are 
present: only SD-containing; (b) only DPND. 
containing; SD- and DPND-containing. There 
some evidence that types and can co-exist 
single cell (Musca, Calliphora). certain multi- 
layered epithelia the process differentiation 
towards the surface change 
from predominantly DPND type pattern 
predominantly type. This may due 
(1) transformation type into type mito- 
chondria, (2) new formation type mito- 
chondria the expense type 
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Amino Acid Incorporation into Serum Albumin Microsome Preparations from Regenerating 
Rat Liver. OLGA GREENGARD and (Courtauld Institute 
Biochemistry, Middlesex Hospital Medical School, London, 


Zamecnik Keller (1954) have demonstrated that, 
when microsomal preparation from rat liver 
incubated with radioactive amino acid the 
presence suitable source energy, the micro- 
somal protein becomes labelled. However, the 
synthesis specific protein from free amino acids 
such preparation, indeed any non-cellular 
preparation, has not been demonstrated. Since the 
synthesis serum albumin characteristic 
function the liver cell, the ability microsomes 
isolated from these cells synthesize this protein 
has been studied. Immunochemical methods have 
been used characterize and isolate the small 
quantity serum albumin which Peters (1957) has 
shown associated with liver microsomes. 
from regenerating rat liver have been 
since these incorporate amino acids more 
than those normal liver (Campbell 
Greengard, 1957; Hultin von Decken, 1957). 
The microsomes from regenerating rat 
liver were incubated for 50min. with small 
quantity cell sap the presence ATP, 
without phosphoenolpyruvate (PEP) (Hultin 
Beskow, 1956). After incubation the microsomes 


were isolated centrifugation. The microsomes 
after suspension saline were disintegrated 
ultrasonically and the debris removed centri- 
fugation. order remove interfering substances 
from the supernatant, chick albumin was added 
and subsequently removed the addition 
antiserum (see Campbell Stone, 1957). anti- 
serum rat serum albumin was then added the 
clear supernatant precipitate the rat albumin. 
The radioactivity the precipitate was determined 
infinite thinness. 

typical experiment the radioactivity the 
isolated rat albumin precipitate obtained from the 
microsomes incubated the presence PEP was 
607 and without PEP ct./min./mg. protein. The 
radioactivity the corresponding chick albumin 
precipitates was and protein. 
This suggests that the high radioactivity the rat 
albumin not due the adsorption radioactive 
substances. The albumin was least five times 
more active than the mixture other proteins. 

These results suggest that there substantial 
incorporation radioactive amino acid into the 
serum albumin retained the microsomes during 
incubation. Thus one criterion for the demonstra- 
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tion the synthesis specitic protein isolated 
microsomes has been met but other criteria remain 
tested. 
REFERENCES 
Campbell, Greengard. (1957). Biochem. 66, 
47P. 


Campbell, Stone, (1957). Biochem. 66, 19. 
Hultin, Beskow, (1956). Cell Res. 11, 664. 
Hultin, von der Decken, (1957). Exp. Cell Res. 18, 
83. 
Peters, T., jun. (1957). Fed. Proc. 16, 369. 
337. 


Amino Acid Requirements for Formation the Reductive Amination System Bacillus 


Washed suspensions Bacillus subtilis, grown 
nutrient broth, can convert acid and 
ammonia into alanine (Fairhurst, King Sewell, 
1956). cells grown simple synthetic media, 
with glutamate sole carbon source, this ‘re- 
ductive amination’ activity low—8 units, com- 
pared with 50-80 complex media. Sewell 
King (1955) reported that synthetic media con- 
taining amino acids yielded active cell sus- 
pensions but that activity fell the basal level 
both threonine and isoleucine were omitted. This 
finding, which has been confirmed, suggested that 
certain amino acids might prove critical require- 
ments for production this enzyme system. 
When isoleucine was added the basal medium, 
however, the activity the suspensions remained 
unaltered. Threonine raised activity from 
units but several other amino acids also gave 
comparable and some cases.even greater en- 
hancement. attempt was now made find the 
significant amino acids growing the organism 
media containing wide variety combina- 
tions amino acids. Interpretation the results 


was difficult since the behaviour any given 
amino acid raising (or lowering) enzyme activity 
seemed depend largely the other amino acids 
present the medium. Among amino acids 
studied, only leucine and methionine gave stimu- 
lation enzyme formation sufficiently consistent 
significant (P=0-05), whilst glycine, and 
surprisingly threonine, proved markedly inhibitory. 
was not possible, however, predict the effect 
amino acid when added any particular 
combination other amino acids, and cells with 
high enzyme activity appear arise only when 
there complex balance (so far undetermined) 
amino acids the medium. correlation could 
established between the effects amino acids 
growth and enzyme production. 


thank the Medical Research Council for support. 
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Formation and 5-Oxo-p-gluconic Acids from D-Glucose Acetobacter suboxydans. 
(Microbiology Unit, Department Biochemistry, University Oxford) 


2-Oxogluconate was determined the method 
Lanning Cohen (1951) and 5-oxogluconate 
that Schramm (1956). Aerobic growth 
Acetobacter suboxydans (A.T.C.C. 621) liquid 
media containing glucose and chalk (in suspension) 
results the formation soluble calcium 
oxogluconate and insoluble calcium 5-oxogluconate 
the proportion 1:10 and amounts repre- 
senting 70% the glucose the medium 
(Kulka Walker, 1954; Fewster, 1956); the pre- 
cipitation calcium 5-oxogluconate favours the 
formation this salt. the absence chalk, 
when growth and further oxidation gluconate 
are rapidly inhibited, the oxo acids accumulate 
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the ratio and 17% yield. When acid 
produced during growth adjusted periodic 
titration 6-0 the oxo acids are formed the 
ratio 1:3, and are further metabolized. 
Washed suspensions organisms harvested 
after growth media containing glucose 
and chalk, mannitol, oxidize glucose and glucon- 
ate 6-0 with uptake 3-75 and 3-2 moles 
O,/mole respectively (Fewster, 1956), 
the theoretical figures for complete oxidation; 
2-oxogluconate and 5-oxogluconate (in the presence 
added oxidizable substrate) take 0-5 and 
3-5 moles O,/mole. the presence 
acetate the two oxo acids are the only detectable 
products the oxidation glucose and gluconate 
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and similar accumulation occurs following 
oxidation these same substrates ultra-sonic 
extracts the organism (Fewster, 1957). Under 
these conditions the oxo acids are formed 95% 
yield and the ratio approximately 2:3. These 
figures considered relation the extent 
oxidation glucose and gluconate and the oxo 
acids uninhibited washed organisms indicate 
that gluconate and the two oxo acids are inter- 
mediates main pathway for the extensive 


Heparin and Disulphide Interchange Plasma Clotting Thrombin. 
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they were intermediates the only pathway the 
oxo acids would expected formed the 
ratio 1:3. 
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(Paddington General Hospital, Harrow Road, London, 


The anti-heparin effect thrombin, which has been 
incubated aerobically with certain reagents such 
thioglycollate, dithionite and lipoic acid, (Green, 
1954) has been further studied. The reaction pro- 
ceeds rapidly when thrombin incubated with the 
disulphide dithiodiglycollate the presence 
added thiol, but 7-5 and above the addition 
thiol not necessary. Prior blocking any 
free thrombin with p-chloromercuribenzoate 
does not alter the reaction. Incubation thrombin 
with PCMB N-ethylmaleimide and 
above leads complex effects the clotting 
normal and heparinized plasma, and far these 
thiol blocking agents have not been shown 
inhibit the reaction between thrombin and di- 
sulphide. 


Low concentrations heparin inhibit the re. 
action between thrombin and added disulphide, 
with without thiol, and this inhibition re- 
moved addition protamine sulphate. 
seems probable that the reaction concerned 
disulphide interchange the type 

(Ryle Sanger, 1955), and that these groups 
participate further interchange the action 
thrombin plasma clotting. 
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(Department Clinical Chemistry, The University Aberdeen) 


The apparatus, which simple construction, 
allows titrations observed ultraviolet light 
under normal conditions room lighting. The 
light source Phillips MBL/U 125w mercury 
lamp with high emmision Ilford 828 
filter removes visible radiation. 


Ryle, Sanger, (1955). Biochem. 60, 535. 
DEMONSTRATION 
Apparatus for Micro Titrations under Ultraviolet Light. Bert and 
The use the instrument will illustrated 


the determination calcium 
quantities direct titration. 
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The 369th Meeting the Biochemical Society was held the Glaxo Laboratories, Greenford, Middlesex, 
Saturday, January 1958, starting 11.15 a.m., when the following papers were 


COMMUNICATIONS 


The Nature Bound Acetylcholine. (A.R.C. Institute Animal Physiology, 


Babraham, Cambridge) 


has been known for many years that most, 
not all, the acetylcholine (ACh) nervous tissue 
‘bound’, pharmacologically unavailable 
form from which must released, before assay, 
appropriate treatment (usually involving the 
use acid extractants). The suggestion has been 
made that the bound ACh contained within 
mitochondria (Bodian, 1942; Feldberg, 1945) and 
the quantized release ACh motor nerve 
endings, detected tech- 
niques, has been ascribed the ‘popping’ 
‘bursting’ ACh-containing vesicles (del Castillo 
Katz, 1956). such ACh-containing structures 
exist within nerve cells, should possible 
isolate them differential centrifugation. Accord- 
ingly, homogenates rabbit, pigeon and guinea- 
pig brain (cf. Brodie Bain, 1952) 
containing (to inhibit cholinester- 
ases) have been separated into nuclear, mito- 
chondrial, microsomal and supernatant fractions 
g-min. and the free and bound ACh the 
various fractions estimated biological assay 
the frog rectus abdominis muscle. About 20% 
the ACh the original homogenate was the 
free form; this was recovered the supernatant 
fraction. The remaining, bound, ACh was mainly 
the mitochondrial fraction, the amount present 
the nuclear and microsomal fractions being 


probably accounted for mitochondrial con- 
tamination these fractions. 

Subfractionation the mitochondrial fraction 
equilibrium centrifugation density gradient 
showed that was markedly heterogeneous and 
that the bound ACh was associated with inter- 
mediate zone particles. Mildly disruptive 
techniques (e.g. repeated freezing and thawing) 
liberated only about half the bound ACh, sug- 
gesting that ‘labile’ and ‘stable’ fractions 
bound ACh can distinguished. Model experi- 
ments with choline esters adsorbed weak 
acid ion exchange resin supported the idea that 
‘stable’ bound ACh may held ionic links 
the insoluble matrix the particles. 

The distribution ACh the various fractions 
closely paralleled that choline acetylase (Hebb 
Smallman, 1956; Hebb, unpublished observations), 
indicating that the ACh-containing particles may 
also contain the enzymic equipment for the syn- 
thesis ACh. 
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The Reconstitution Elastin from Soluble Protein derived from Ligamentum Nuchae. 
(Nuffield Gerontological Research Unit, Department Medicine, University Leeds) 


Partridge and others have described the reversible 
heat coacervation solutions «-elastin prepared 
from purified ligamentum nuchae elastin 
treatment with acid 100° (Adair, 
Davis Partridge, 1951; Partridge, Davis Adair, 
1955). 

The reversal coacervation cooling may 
arrested prolonging the time heating. The 
propertics the resulting gel are similar those 
the original elastin, and may therefore called 
reconstituted elastin. 


Reconstituted elastin was prepared form 
suitable for physical measurements heating 
0-6 solution «-elastin acetate buffer 
ionic strength 0-15, 55° for hr. The gel which 
formed was washed and dried. When immersed 
water possessed long-range elasticity and hyper- 
entropic thermoelasticity. was insoluble 
aqueous salt solutions room temperature and 
water 100° and number non-aqueous 
protein solvents. Its X-ray diffraction pattern 
showed diffuse rings and 9A. stained with 
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the Weigert stain similar manner purified 
elastin and was dissolved elastase. these 
properties reconstituted elastin resembles purified 
elastin (Meyer Ferri, 1936; Wohlisch, Weitnauer, 
Rohrback, 1943; Lloyd Garrod, 1946; 
Astbury, 1940; Balo Banga, 1950; Hall, 1957). 
Unlike purified elastin was non-fibrous, had 
relatively low Young’s modulus (about 104 
and was dissolved acetic acid 
100° and crystalline trypsin. 

The results indicate that reconstituted and 
purified elastins possess similar molecular struc- 
tures. amorphous, disoriented structure 
indicated, but the presence small degree 
crystallinity not precluded. The differences 
between reconstituted and purified elastin are 
probably due differences polypeptide chain 
length (Partridge Davis, 1955) and degree 
cross-linking. unlikely that reconstituted 
elastin possesses elastomucin sheath such 
that proposed for elastin fibres Hall, Reed 
Tunbridge (1952). view similarity the 
thermo-elasticity, insolubility and 
staining with Weigert’s stain purified and recon- 


stituted elastin, this type structure probably 
not responsible for these properties elastin. Its 
existence and importance for other properties, 
however, not excluded. 

The results raise the possibility that elastin 
formed vivo from soluble protein similar 
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Copper (II) Complexes Histidine and Histamine. Darra, LEBERMAN and 
(Department Biochemistry, University College London, Gower Street, W.C. 


equimolar mixture histidine monohydro- 
chloride and copper chloride (each 
titrated with NaOH, three equivalents alkali per 
copper atom are required titrate all the acid 
species produced. This means that acid dissocia- 
tion occurs from the 1:1 complex 
which does not occur from histidine alone. has 
value approximately 7-2 and might due 
the dissociation hydrogen ion from either the 
unco-ordinated imidazole nitrogen co-ordi- 
nated water molecule. acid dissociation 
observed from the histidine complexes nickel 
cobalt (11), cadmium and zine (11). Mixtures 
histidine and copper chloride 2:1 molar pro- 
portions not show this anomalous behaviour. 
Histamine behaves similar manner histidine; 
this instance the value the additional dis- 
sociation 7-0. 

Other anomalies occur the 


system low values; this renders difficult 
calculate consistent value for log (stability 
constant the 1:1 complex), assuming the chelat- 
ing species the anionic form (Albert, 1952). The 
computed values log obtained from titration 
data mixtures histidine and copper chloride 
(each with NaOH vary from 10-65 
3-10 9-61 4-68. Since drift the 
computed values log the 
system observed, the phenomenon not due 
the additional acid dissociation. probably 
caused variation the chelating species with 
pH, and associated with the presence 
carboxyl group the molecule. apparent that 
the published values the stability constants 
the system require modification. 
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The metabolism foreign organic compounds 
the domestic fowl has not been extensively investi- 
gated. Most the earlier studies this field have 
been concerned with ornithuric acid synthesis 


(first discovered Jaffé, 1877), since the fowl 
appeared differ from mammals that aromatic 
acids were conjugated with ornithine rather than 
with glycine. Ornithuric acid synthesis, however, 
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may not major mechanism for the disposal 
aromatic acids the hen. 

acid conjugation has been claimed 
occur hens Sperber (1947), who found in- 
jected phenols cause increase the excretion 
glucuronic acid derivatives measured the 
naphtharesorcinol reaction. Injected benzoic acid 
and p-aminobenzoic acid, however, did not increase 
this excretion. Sperber’s work suggests that hens 
may form ‘ether’ glucuronides but not ‘ester’ 
glucuronides. 

have now found that hens form appreciable 
amounts both ‘ether’ and ‘ester’ glucuronides 
and this has been proved isolation and paper 
chromatographic studies. Phenol, catechol and 
4-chloro-3:5-xylenol administered 
give rise glucuronides. The glucuronide 
chloroxylenol was isolated after ether extraction 
the urine and was identified crystalline methyl 
uronate, m.p. 175-176 and 
which was identical with the derivative isolated 
feeding rabbits with chloroxylenol (mixed m.p. 
m-mole/kg. dose chloroxylenol was excreted 
glucuronide, whereas rabbits was excreted. 

When benzoic acid m-mole/kg.) was fed 
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hens, the dose was excreted glucuronide 
and this was isolated and identified the reducing 
benzoyl glucosiduronic acid, m.p. 180° and 
water (Pryde Williams, 1933). 
(benzoyl glucosid)uronate (m.p. 191—193°) 
was prepared from and was found identical with 
sample the methyl ester obtained from the 
urine dogs dosed with benzoic acid (Goebel, 
1938; Quick, 1926). 

The formation hens bornyl glucuronide 
from borneol and glucuronide 
from o-methoxybenzoic acid was also proved 
chromatographically, using for comparison samples 
these glucuronides isolated from rabbit urine. 
The glucuronic acid conjugation 
hens was about 23% the dose, and 
oxybenzoic acid, 26% (dose m-mole/kg.). 


This work was supported grant from Salsbury’s 
Laboratories, Charles City, Iowa. 
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Mary’s Hospital Medical School, London, 


Cats appear more sensitive the toxic effects 
foreign compounds than most mammals (the 
many compounds seems lower for 
cats than other species, e.g. see Spector, 1956). 
Methaemoglobinaemia also produced cats 
foreign compounds more readily than other 
experimental animals. The detoxication mech- 
anisms cats, however, have hardly been in- 
vestigated all. Dutton informed that 
did not observe glucuronide synthesis cat- 
liver slices, although this synthesis occurred 
liver preparations from guinea pig, rabbit, mouse, 
rat, sheep, pigeon and frog (Dutton Grieg, 
1957). 

number compounds, whose glucuronides 
knew could readily isolated detected chro- 
matographically, were administered cats. These 
were borneol, 8-hydroxyquinoline and 
benzoic acid which were given orally, and phenol, 
borneol, 4-methylumbelliferone and 2-amino-4- 
nitrophenol which were injected subcutaneously. 
case could glucuronide isolated from the 
urine. 

2-Amino-4-nitrophenol when administered 
rabbits yields coloured (yellow) glucuronide 


which easily isolated and readily detected 
chromatographically paper 0-2 benzene: 
butanol: pyridine: water, 1:5:3:3). injection 
(100 mg.) the phenol (Na salt) into cats, deep 
orange-coloured urine was obtained and chromato- 
graphy the urine revealed yellow band 0-6, 
but band 0-2 corresponding the 
glucuronide. 

4-Methylumbelliferone glucuronide (R, 0-29 
the above solvent) readily detected urine 
paper chromatography and fluorescence after 
spraying with 4-Methylumbelli- 
ferone (100 mg.) was injected into cats and the 
urine was chromatographed above. The ethereal 
detected fluorescence and its (0-65). The 
paper was sprayed with prepara- 
tion and incubated. very faint fluorescent spot 
appeared with 0-29, but since 4-methylumbelli- 
ferone highly fluorescent, the amount gluc- 
uronide present must almost negligible. 

Similarly, chromatography showed that cats did 
not excrete bornyl glucuronide phenyl gluc- 
uronide, although phenyl sulphate was readily 
detected the urine. 
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The distribution the tissues 
cats was not very different from that mouse 
and rat tissues. However, injection 4-methyl- 
umbelliferone glucuronide (166mg.) into cats 
yielded urine which contained appreciable 
amounts (25 the dose) the ethereal sulphate 
well the glucuronide, whereas rabbits the 
injected glucuronide (100 mg.) was excreted mainly 
unchanged with only small conversion sul- 
phate 
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Raper and Lester (Glaxo Laboratories, Greenford, Middlesex) 


new antibiotic complex has been separated from 
culture liquors soil streptomycete, Strepto- 
ostreogriseus n.sp. Impure solid prepara- 
tions, obtained extracting culture filtrates with 
ethyl acetate and removing the solvent under 
reduced pressure, are highly active against Gram- 
positive bacteria (including strains resistant 
other antibiotics, e.g. penicillin, erythromycin, 
oxytetracycline and have 
protected mice against experimental infections 
Staphylococcus aureus and Streptococcus pyogenes 
haemolyticus without untoward toxic effects. 
Three predominant antibiotics, factors and 
have been separated fractional precipitation, 
chromatography and countercurrent methods. The 
latter, with aqueous methanol—hydrocarbon solvent 
systems, yielded fractions from which factors 
and were obtained crystalline and factor was 
precipitated white, homogeneous, amorphous 
solid. The closely related factors and have the 
approximate formulae and 
respectively they both give green ferric chloride re- 
actions. bromoform factor has little ultraviolet 
absorption above 270 whereas factor shows 
inflexion 275 mp. Factor shows intense 
infrared band and weaker one 
1580 (the reverse and strong band 
962 (968 for A). three factors are 
optically active, highly polarsolvents, 
but nearly insoluble water, light petroleum 


carbon tetrachloride. novel feature the E129 
complex the marked potentiation both factors 
and factor G+B mixtures are mor 
effective vivo but not vitro than mixtures, 
Antibiotics similar E129 have been described, 
namely: streptogramin (Charney, Fisher, Curran, 
Machlowitz Tytell, 1953), staphylomycin 
no. 899 (Vanderhaeghe, van Dijck, Parmentier 
and mikamycin (Arai, Nakamura, 
Fukuhara Yonehara, 1956). Mikamycin has 
been reported single entity identical with 
streptogramin, but three antibiotics (M, and M,, 
both potentiated have been isolated from 
staphylomycin and two and from 
identical with staphylomycin and 
PA114A; staphylomycin has not yet been 
obtained sufficiently pure permit valid com- 
parisons. The potentiator identical with 
PA114B, but different from staphylomycin 
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The Analysis and Evaluation the Synergistic Components Antibiotic E129. 


Laboratories, Greenford, Middlesex) 


The biological activity antibiotic E129 (Ball, 
Boothroyd, Lees, Raper Smith, 1958) mainly 
due the potentiation factors and 
factor The quantitative relationships between 
activity and composition differ, however, vitro 


and vivo, conventional tube and plate assays 
failing forecast the results animal protection 
tests. 
Paper chromatographic techniques with various 
systems were de- 
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veloped for subsequent bioautographical estima- 
tion the separated factors. Any tailing the 
fast factor however, potentiated unpredictable 
inflation the following and zones the 
bioautographs. If, instead, the papergrams are 
placed Sarcina lutea agar plates containing 
subinhibitory levels sharper, larger, ade- 
quately potentiated and zones are obtained, 
traces unseparated having additional 
effect. Similarly, for factor assay, papergrams 
are put G-loaded Staphylococcus aureus 
plates. Methylene-blue prints are then taken, zone 
areas measured and samples read against standards 
plotted the usual log-dose manner. 

Direct cup plate assay for content, without 
G-loaded Bacillus subtilis agar. Analogous methods 
fail, however, distinguish the microbiologically 
similar and 

Mouse protection tests with virulent strain 
Staphylococcus aureus showed that both and 
given subcutaneously reached maximum activity 


when mixed with equal quantities then 
being about six times potent Pure factors 
given singly, however, were relatively inactive. 
Experiments with mixtures pure factors 
established that protective efficacy followed 
quantitatively, within experimental error, the 
following postulates. 

and mixtures: (1) potentiates equal 
weight (2) any excess one factor over the 
other acts inert diluent. 

ates equal weight (4) any excess over 
acts inert diluent. 

Finally for mixtures and not contain- 
ing large excess over there the addi- 
tional restriction: (5) any present preferentially 
potentiates equal weight Only when there 
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Some Observations the Wistar (Glaxo) Rat Experimental Animal for the Production 


Middlesex) 


Fillios, Andrus, Mann Stare (1956) have shown 
that hypercholesterolaemia and atherosclerosis can 
produced the rat. have determined the 
serum and liver cholesterol weanling Wistar 
(Glaxo) (WAG) rats (21 days old) after days 
diet. Ten thirty rats each sex were fed each 
diet. Cholesterol was estimated the method 
Zak Boyle (1953). The diets were (I) 
(w/w) wholemeal wheat flour, dried full 
cream milk, (w/w) dried brewers’ yeast, vitamin 
supplement; (II) plus (w/w) thiouracil; 
casein, 22% (w/w) arachis oil, (w/w) cholic 
acid, (w/w) cholesterol, (w/w) salt 
mixture, 46-5 (w/w) starch, vitamin supplement 
(V) plus 0-25 (w/w) choline chloride; (VI) 
plus choline chloride; without 
with hydrogenated arachis oil instead 
arachis oil; (X), (XI), (XII), IV, VI, re- 
spectively, with maize oil instead arachis oil. 

The mean male and female serum cholesterol 
values with their standard errors 
were: (I) 77-4, 2-4; 112, 2-4; (IIT) 108, (IV) 
270, 21-4; (V) 580, 39-1; (VI) 488, 27-5; 205, 
20; (VIII) 1887, 93; 1024, 75; (X) 182, 21-4; 
(XI) 381, 41; 99, 

The serum and liver cholesterols rats fed diets 
and were determined during months. 


After puberty females had significantly higher 
serum cholesterol values than males. Males and 
females diet were killed and divided, 
reference body and gonad weight, into two groups 
less and greater maturity when days old. The 
maturer males had lower serum cholesterol values 
than the less mature, but the serum cholesterol 
values the maturer females were not significantly 
different from those the less mature. 

The serum cholesterol the hypercholesterol- 
aemic rat, like that man, may lowered 
administration 
thyronine, (cf. Oliver 
Boyd, 1956). 

Sudanophilic lesions (Fillios al. 1956) developed 
the heart valves and aortic arch weanling 
rats fed diet for days. Continuation this 
diet increased the lesions, addition 0-5 mg. 
diet prevented pro- 
gression, whilst transfer diet induced partial 
regression after days. 
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Minor Unsaponifiable Constituents Normal and Diseased Human Kidneys. 
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and Morton. (Department Biochemistry, University Liverpool) 


Chromatographic analysis the unsaponifiable 
fraction human kidneys has revealed the 
275 and inflexions 233 and 
283 cyclohexane), compounds previously re- 
ported other animal tissues (Heaton, Lowe 
Morton, 1957; Lowe, Morton, Cunningham 
Vernon, 1957; Lowe, Morton Vernon, 1957). 

all, sixteen kidneys showing pathological 
abnormality were examined which twelve were 
from individuals the age group years. The 
(range and that tissue 
(range 11—24 these kidneys. The remainder 
were from younger individuals and although 
concentration was not significantly different from 
that the older group, was reduced and 
0-2 tissue the kidneys from 20-year- and 
7-year-old respectively. could not detected 
two infants’ kidneys months and weeks). 

Separate examination the cortex and medulla 
the kidney indicated that and were fairly 
evenly distributed between the two tissues. 
the other hand, all vitamin was concentrated 
the medulla, whereas the cortex contained approxi- 
mately twice much vitamin medullary 
tissue. 

the sixteen pathologically abnormal kidneys 
studied, nine were cases chronic nephritis, two 

Present address: Glaxo Laboratories, Ltd., Greenford, 
Middlesex. 


acute nephritis, four lipoid nephrosis and one 


renal arteriosclerosis. There was little difference 


the concentration compared normal kidneys, 
Apart from one case chronic nephritis where the 
content was comparatively low tissue) 


the common factor all the nephritic types 


studied was the complete absence SC. The 
arteriosclerotic kidney contained normal amount 
the compound. 

Vitamin was detected all the nephritic 
kidneys although the concentration was lower than 
that the normal organs. 

between male and female kidneys was demon- 
strated. five female nephritic kidneys, four 
lacked tocopherol altogether and only traces were 
detected the other. All the male kidneys showed 
normal values the vitamin. each case, lack 
tocopherol was accompanied the appearance 
cyclohexane), although two cases both 
pounds appeared the same organ. 
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Maize Seedlings. Goopwin. (Department Biochemistry, University Liverpool) 


Etiolated mazie seedlings contain xanthophylls but 
only traces illumination intact 
seedlings results stimulation 
synthesis (Kay Phinney, 1956). has now been 
shown that seedlings excised from their roots will 
also synthesize illumination. was 
thought that these excised seedlings would 
suitable for studying the incorporation labelled 
acetate and mevalonic acid into f-carotene, 
preliminary experiments had shown that the roots 
intact seedlings did not absorb these compounds 
significant amounts. Excised etiolated seedlings, 
days old, placed water containing the labelled 
material, were illuminated for 24hr. 28°. 


acid and which are 
readily incorporated into f-carotene Phyco- 
myces blakesleeanus and carrot slices (Braithwaite 


Goodwin, 1957), were both rapidly incorporated 
into the sterol fraction the 
matter and into unidentified colourless fraction 
running before chromatography. The 
activity the unknown fraction relative that 
the sterol fraction was much greater with 
mevalonic acid substrate. both cases, the 
labelling the was extremely weak and 
some cases the verge detectability. This 
was spite the fact that during illumination the 
B-carotene levels increased times, whilst 
the sterol levels were not significantly altered. 
For example, one experiment using 
mevalonic acid, the total unsaponifiable matter 
contained 506 000 counts/min. and the 
fraction 410; i.e. 0-08 the counts was present 
the which, however, represented 
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weight the total unsaponifiable matter. 
Corresponding results using were 
405 000> 500 and Similar results were 
obtained when excised seedlings were placed the 
acid solution darkness for hr., 
then washed, placed water and illuminated for 
hr. 

Under the same conditions was much more 
effectively incorporated into than into 
other unsaponifiable components. The percentage 
the total counts the unsaponifiable extract 
found the ranged between 3-5 and 
12-1 different experiments. Similar results were 
obtained using intact seedlings. 

From these observations concluded that 
etiolated seedlings precursors not 


Substrates Endogenous Respiration Sarcina lutea. 
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exist any significant extent, and that light 
stimulates synthesis not triggering 
off the conversion such precursors into 
carotene, but bringing about its novo syn- 
thesis via mechanisms dependent the photo- 
synthetic fixation CO,. Acetate and mevalonic 
acid cannot equilibrate with the inter- 
mediates and probable that this due 
failure these compounds penetrate the chloro- 
plasts, where the synthesized. 
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(Department Biochemistry, University Glasgow) 


The high level endogenous respiration (ER) 
Sarcina lutea, harvested from peptone medium, 
can lowered brisk aeration suspensions 
37° (Dawes Holms, 1957). The ability reduce 
2:3:5-triphenyltetrazolium chloride (TTC) also 
diminished parallel with ER, but there 
detectable loss cellular carbohydrate fat. 
However, ammonia appears the suspending fluid 
and good correlation has been found between 
diminution and utilization the free amino acid 
‘pool’ (AAP). There concomitant change 
the ultracentrifugal pattern cell extracts, and 
extensive breakdown soluble macromolecules 
therefore not apparent. 

The restoration may achieved 
incubation with either glucose, glucose plus 
with casein hydrolysate, that 
order increasing effectiveness. each case the 
level correlates with the increase the size 
AAP effected. The small increase AAP 
observed when ER-lowered cells are incubated 
with glucose the absence nitrogen source 
must arise from some endogenous source, probably 
polypeptides; the extensive synthesis polysac- 
charide which also occurs does not contribute 
significantly ER. Conversely, the 
effective restoration (which surpasses its 
original value) casein hydrolysate does not 


result polysaccharide formation. Furthermore, 
the addition glucose aerated suspensions 
cells cannot sustain their high 
level ER, whereas casein hydrolysate increases 
it. TTC-reduction does not parallel (i.e. Qo, 
values) during its restoration but reaches maxi- 
mum while the still increasing. 

concluded that, during growth peptone 
medium, Sarcina lutea accumulates large AAP 
which subsequently available for the main- 
tenance ER. the absence exogenous sub- 
strates the ‘pool’ the major source Krebs’s 
cycle intermediates. Thus, when arsenite added, 
pyruvate and smaller quantities 2-oxoglutarate 
accumulate from the 
Since high levels suppress the oxidation 
exogenous glucose (Dawes Holms, 1957), 
probable that competition for cycle 
enzymes occurs under these conditions. 


are greatly indebted Drs Dagley and Sykes 
for the ultracentrifugal analyses and the Medical 
Research Council for grant-in-aid. 
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The compound, pyridine haemochromogen, formed 
adding pyridine aqueous solution 
reduced iron protoporphyrin (haem) has been 


known for number years. Following the work 
Hill (1926), has been commonly accepted 
that aqueous dimeric haem goes monomeric 
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dipyridine haem directly, with possibly monomeric 
monopyridine derivative intermediate. 
Recent work this laboratory has shown that 
the system far more complex than 
had been supposed. Spectral observations were 
made the Soret region using haem (by 
added haem ratio 80:1, the indefinite 
haem spectrum gives place slight but definite 
peak the ratio pyridine/haem 
raised further, second more prominent peak 
appears 430 my, into which the first one rapidly 
merges. Both peaks are somewhat flattened and 
rounded off. the ratio passes 1500:1, third 
sharper peak with much higher extinction begins 
emerge 418 reaching its maximum only 
pyridine). The extinctions these three maxima 
relative haem are 45, and 130 respectively. 
These curves suggest very strongly that, starting 
from free haem, there are less than three 
equilibria, corresponding the formation three 
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pyridine~haem compounds. The three types 
spectrum observed obviously correspond those 
these three chromogens. The changes are inter. 
preted being due the formation, successively, 
from dimeric haem, monopyridine dimer, then 
dipyridine dimer, followed eventual 
splitting the dimer give dipyridine monomer 
one step. This hypothesis founded the 
accepted value only two combining valencies 
per haem iron, and agrees with previous work (see, 
for example, Shack Clark, 1947) interpreted 
this basis, and also with additional experiments 
done here with related haem and haemochromogen 
compounds. 


This work has been aided grant the author made 
the Medical Research Council. 
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The Fluorimetric Determination Adrenaline and Noradrenaline Plasma. 
and Storr. (National Spinal Injuries Centre and M.R.C. Electromedical Research Unit, Stoke 
Mandeville Hospital, Aylesbury, Buckinghamshire) 


the past, chemical methods for the determination 
adrenaline (A) and noradrenaline (NA) 
plasma have been criticized since they have given 
results variance with the results obtained 
biological methods, which are believed 
specific. 

Recently, Euler Floding (1955, 1956) described 
fluorimetric method for the determination 
and urine which gave results good general 
agreement with those biological assay. 
seemed worthwhile, therefore, try apply this 
method peripheral plasma. Because the very 
smaller concentrations and being 
measured, was necessary introduce more 
comprehensive series reagent blanks than Euler 
Floding (1955) used and fluorimeter much 
higher sensitivity than the instruments commonly 
available commercially had built. these 
means has been possible determine concentra- 
tions down 0-2 and 0-3 NA. 

The principle the method follows: 

The amines are isolated from plasma 
columns alumina. Aliquots the eluate are 
buffered and 6-0 and treated with 
potassium ferricyanide solution. 6-0 both 


amines are quantitatively oxidized the corre- 
sponding chromes; 3-5 the whole the Ais 
oxidized but only about the NA. Treatment 
with alkali and ascorbic acid converts the chromes 
trihydroxyindoles and stabilizes them. The 
fluorescence the trihydroxyindoles 
measured. the use this differential oxidizing 
procedure the concentration both and 
mixture can determined. 

When precautions were prevent the 
disruption platelets, very much lower concen- 
trations and were found than these 
precautions were not taken. This observation 
harmony with the view that the platelets may 
vehicles for the transport and NA. 

The method has proved great value 
physiological studies subjects with complete 
transverse lesions the spinal cord. 
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The Thyroxine-binding Proteins Sheep Pregnancy. Annison and 
(A.R.C. Institute Animal Physiology, Babraham, Cambridge) 


The thyroxine-binding properties the sera 
pregnant and non-pregnant ewes have been investi- 
gated during study the peripheral metabolism 
thyroxine. Increasing quantities 
labelled thyroxine were added portions each 
serum achieve concentrations added thyroxine 
the range ml. The sera were then 
subjected zone electrophoresis filter paper 
8-6 (barbital buffer, using both the 
normal and reverse-flow procedures (Robbins, 
1956). After drying, the strips were scanned for 
radioactivity measure the thyroxine distribution. 
The electrophoretograms were then stained 
localize the separated proteins, and photographed. 
roughly quantitative estimate the protein 
distribution was obtained eluting and measuring 
the bound dyestuff. 

When the sheep sera were examined normal 
electrophoresis, thyroxine binding protein (TBP) 
similar electrophoretic mobility that observed 
human sera (between the and globulins) was 
the only carrier thyroxine detected concen- 
trations added hormone close the physiological 
level ml.). higher levels, in- 
creasing proportion thyroxine was associated 
with second protein component which had 
electrophoretic mobility intermediate between that 
the globulin and albumin components. The 
second component was only partially separated 
from TBP. This prevented the assessment TBP 
levels different sera comparison the pro- 
portions thyroxine associated with TBP and the 


secondary carrier (Dowling, Freinkel Ingbar, 
1956). Even the highest concentrations added 
thyroxine ml.) was not possible 
demonstrate finite binding capacity TBP. 
differences were observed the pattern thyr- 
oxine-binding the sera the pregnant and non- 
pregnant sheep. 

Reverse-flow electrophoresis, however, indicated 
that low concentrations added thyroxine 
ml.) some 60-70% was bound 
albumin (or component similar mobility), the 
remainder migrating with TBP. the concentra- 
tion added thyroxine was raised, the amount 
carried TBP increased maximum, beyond 
which further added thyroxine was associated 
exclusively with the albumin. The thyroxine- 
binding capacities sheep sera were the range 
12-16 thyroxine/100 ml. These values are con- 
siderably lower than those reported for human 
sera (Robbins, 1956). Differences the thyroxine- 
binding capacities the pregnant and non- 
pregnant sheep could not detected. Dowling 
al. (1956) have reported marked increase 
TBP human sera during pregnancy: the un- 
changed levels sheep suggest that there 
important species difference thyroidal meta- 
bolism pregnancy. 
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(Department Biochemistry, University Liverpool) 


The presence and animal tissue lipids 
has been reported previously (Lowe, Morton 
Harrison, 1953; Festenstein, Heaton, Lowe 
Morton, 1955; Heaton, Lowe Morton, 1957). 
More recently has been termed ubiquinone 
(Morton, Lowe, Wilson Leat, 1958). 

This paper reports observations the intra- 
cellular distribution rat liver, rat heart, human 
kidney medulla and cortex, ubiquinone and SC, 
this study being part attempt assess the 
biochemical importance these substances. 

Minced tissues suspended were 
disrupted homogenizer (rat 
liver, human kidney), grinding with silver 
sand (rat heart). differential centrifugation 


receipt Agricultural Research Council Research 
Studentships. 


(Schneider Hogeboom, 1950), the disrupted 
tissues were separated into five fractions, cell 
debris, mitochondria, microsomes, ground-plasm 
and free fat layer. The ubiquinone and were 
estimated spectrophotometrically after chromato- 
graphy alumina (Heaton al. 1957) the 
lipids these cell fractions, the unsaponifi- 
able material obtained after saponification 
(w/v) pyrogallol and 20% (w/v) KOH 
2:1 (v/v) aqueous ethanol. 

livers and hearts from stock colony rats, 
ubiquinone was found predominantly the mito- 
chondria. was not detected hearts and only 
trace liver. the livers vitamin A-deficient 
rats, which contain more ubiquinone and than 
those stock colony rats (Heaton al. 1957), the 
increase ubiquinone can accounted for its 
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appearance the microsome, ground-plasm and 
free fat fractions the liver cells. The appeared 
the ground-plasm and free fat fractions. 

human kidney cortex, ubiquinone was found 
predominantly the mitochondria, and SC, 
though recovery was low, exclusively the mito- 
chondria. Medullary mitochondria could not 
sparated quantitatively, but high levels ubi- 
quinone were found medullary mitochondria and 
was found the free fat layer. 

Chemically, ubiquinone capable taking part 
oxido-reductive reactions (Morton al. 1958) 
and the present work shows ubiquinone 
situated cellular sites where many such reactions 
take place. Other workers (Nason Lehman, 1955; 
Marinetti, Scaramazzino Stotz, 1957; Crane, 
Hatefi, Lester Widmer, 1957) have shown the 
importance lipid factors enzyme systems. 
Some these factors have properties closely 
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is, therefore, 
possible that ubiquinone has 


related those ubiquinone. 
metabolic function. 
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Lactic and Malic Dehydrogenases Organs the Developing Chick Embryo. 
(Chester Beatty Research Institute, Institute Cancer Royal Cancer Hospital, London, 


Considerable fluctuations enzyme activities are 
known occur during the development the 
chick embryo which presumably represent 
functional differentiation the molecular level. 
Results the distribution glutamic dehydro- 
genase (GDH) the developing chick embryo 
(Solomon, 1957) have stimulated similar study 
lactic dehydrogenase (LDH) and malic dehydro- 
genase (MDH) which are also pyridine-nucleotide 
dependent and utilize keto acids the same homo- 
logous series the GDH substrate. 
Spectrophotometric assay methods were used 
for both LDH and MDH depending the reduc- 
tion optical density 340 due the oxida- 
tion reduced diphosphopyridine nucleotide 
(DPNH) the presence pyruvic acid and 
oxaloacetic acid respectively (Kubowitz Ott, 
1943; Ochoa, 1955). The action various enzyme 
inhibitors homogenates embryos was com- 
pared with that purified LDH and MDH ob- 
tained from the livers 15-day-old embryos and 
9-week-old fowls respectively. most cases in- 
hibitory action was quantitatively similar for 
both homogenates and purified enzymes. 
Homogenates heart, brain, skeletal muscle and 
liver obtained from chick embryos during the 
period development from days incubation 
days after hatching and from adult laying 


hens were assayed for LDH and MDH activity. 
LDH activity (per wet wt. and per mg. 
in’ heart, brain and skeletal muscle showed little 
variation during development, and activity was 
only slightly increased the adult tissues. How. 
ever, the LDH activity the liver increased 
fivefold wet weight basis during days 
incubation and then dropped its former level 
(50 DPNH oxidized per min.) just 
hatching and remained this level the adult 
liver. MDH activity the heart, brain and muscle 
increased slightly during early development and 
the adult heart contained three times more MDH 
than the 3-day-old chick heart. Liver MDH 
activity increased fourfold during the 7-16 days 
incubation period, and like LDH dropped just 
before hatching. The high level LDH and MDH 
activity the 15-day-old liver may reflect 
enhanced metabolism the glycolytic and 
piratory cycles this stage development which 
may critical phase the transition from 
embryonic adult function. 
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Cambridge) 


The preparation actomyosin-like protein 
from the uterus has been described (Needham 
Cawkwell, adenosine triphosphatase 
(ATPase) activity was very low compared that 
skeletal-muscle actomyosin. 28° with 
activation, the liberated/mg. N/min. 
were about 0-2 and 0-6 media containing 0-1 and 
respectively; while the corresponding 
values were about 6-0 and 3-0 for skeletal-muscle 
actomyosin. 

has now been found that short treatment 
uterus actomyosin with trypsin 23° 
with mg. crystalline trypsin/ml.) leads 
increase ATPase activity, about 700% (tested 
and about 50% (in 

following the procedure used Szent- 
(1953) for separation the meromyosins 
formed trypsin treatment skeletal-muscle 
myosin there was obtained (by precipitation 
0-4 saturation with fraction from 
trypsin-treated uterus actomyosin which liberated 
H-actomeromyosin muscle, this 
active fraction was water-soluble and had high 
sedimentation constant. The most active prepara- 
tion was made from electrophoretically homo- 
geneous actomyosin; after the trypsin treatment 
the solution was centrifuged for hr. 100 
The pellet obtained, comprising about the 
whole protein, contained practically the whole 


N/min.—equal that skeletal-muscle H-acto- 
meromyosin (Mihalyi 1953). 

The physiological significance this high 
potential ATPase activity uterus actomyosin 
remains uncertain. case inactivation the 
protein might occur during the isolation, attempts 
were made find conditions for reactivation. 
However, treatment with SH-containing com- 
pounds reagents removing heavy metals was 
without effect. Investigation was made the 
possible presence inhibitor bound acto- 
myosin: the active fraction after trypsin treat- 
ment was mixed with untreated actomyosin and 
kept overnight. diminution the com- 
bined ATPase activity occurred. remains 
determine the ATPase activity the native myo- 
fibrils. From results with skeletal-muscle myo- 
fibrils (Perry, 1951) some changes enzymic be- 
haviour might occur result dissolving and 
reprecipitating the actomyosin. This under 
investigation. 
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Multiple Pathways Glucose Oxidation Acetobacter suboxydans. Tsoo 
(Molteno Institute, University Cambridge; and Oregon State College, Corvallis), and VERNON 
CHELDELIN. (Oregon State College, Corvallis, Oregon, U.S.A.) 


The unusual activity Acetobacter suboxydans 
oxidative dissimilation non-nitrogenous com- 
pounds has been reported previously (King 
Cheldelin, 1952). All enzymes for glucose oxidation 
the pentose cycle exist soluble (non-particu- 
late) extracts (Hauge, King Cheldelin, 1955). 
the other hand, the particulate fraction which also 
contains most the cytochromes the organism 
catalyses one-step pyridinucleotide-independent 
oxidation glucose with the optimum 
(King Cheldelin, 1957a; Widmer, King 
Cheldelin, 1956). 

has now been identified 


Senior post-doctoral fellow, the U.S. National Science 
Foundation, and John Simon Guggenheim Memorial 
Fellow, leave from Oregon State College. 


the product p-glucose oxidation catalysed the 
particulate enzyme. responsible 
lactone hydrolysis gluconic acid also exists 
the crude particulate fraction. Deoxycholate 
extracts the particulate fractions retained all 
cytochromes the active form and catalytic 
activity for glucose oxidation, but did not contain 
the hydrolysing enzyme. 

Another enzyme which catalysed the oxidation 
mum 8-6 was found soluble (non-particu- 
late) extracts. was purified about 100-fold. This 
enzyme was strictly DPN-specific contrast 
glucose 6-phosphate dehydrogenase required the 
pentose cycle which can use either DPN TPN 
(King Cheldelin, 19576). The reversible reaction 
was demonstrated with and 
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DPNH, but was less active. 
Among the sugars and sugar phosphates tested 
only and 2-deoxy-D-glucose were oxidized, 
whereas glucose 6-phosphate, glucose 1-phosphate, 
gluconolactones, and gluconic acid were not 
oxidized. 

question regarding relative contributions 
the different systems the production gluconic 
acid fermentation will discussed with respect 
their optima. 
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DEMONSTRATIONS 


Detection Fatty Acids Paper Chromatograms means Ninhydrin. 


Detection fatty acids paper chromatograms 
with indicators (Brown Hall, 1950; Hiscox 
Berridge, 1950) difficult owing rapid fading 
the spots unless elaborate precautions are taken 
exclude atmospheric carbon dioxide (Isherwood 
Hanes, 1953). fatty acids are run solvent 
containing ammonia (or volatile amine) they 
travel their salts and drying the paper the 
base lost except where has been retained the 
salt acid. Any reagent which will react with 
ammonia amines give coloured compound 
thus has potential value detector for fatty 
acids. Ninhydrin will form blue compound when 
heated with, for example, ethylamine, with 
ammonia and reducing agent. This method (using 
solvent containing ammonia) has been applied 
the detection dicarboxylic acids (Seher, 1956), 
but difficulty has been experienced due ob- 
scuring weak spots strong background colour 
(Long, Quayle Stedman, 1951). These difficulties 
may overcome follows: 

The paper first washed with oxalic acid 
followed distilled water (Kennedy Barker, 
1951) and descending chromatogram run with 
mixture 3N-aqueous ethylamine and 
vol. n-butanol. The paper dried room 
temperature current air, sprayed with 
0-1% (w/v) ninhydrin and (v/v) collidine 
ethanol and heated min. current hot air 
Stronger heating increases background 
colour badly. reducing agent required; 
any added, background colour tends increase 
without appreciable intensification the fatty 
acid spots themselves. 


alternative solvent system may used con- 
taining vol. 3N-aqueous ammonia, vol. ethanol, 
and n-butanol. This avoids the unpleasant 
smell ethylamine but gives less compact spots. 
reducing agent also necessary, and 
ascorbic acid (preferable formate stannous 
chloride) should added the spraying reagent. 
reducing agent added the fatty acids give 
only faint yellow spots, except formic acid whose 
reducing properties allow development blue 
spot. This provides useful differentiation from 
acetic acid which has very similar value. 

far the method has proved suitable for fatty 
acids C-10. The minimum amount of, for 
example, butyric acid, which can detected with 


are indebted the Agricultural Research Council for 
grant (to and the Medical Research Council 
for grant towards apparatus and materials. 
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Automatic Device for Delivering Mobile Phase Pre-determined Time into the Upper 


Trough Chromatography Tank. 


(Postgraduate Medical School, Ducane Road, London, 12) 
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Paper Chromatography and Microbiological Assay the Synergistic Components Anti- 
biotic E129. and (Glaxo Laboratories, Lid., Greenford, 
Middlesex) 


Techniques Used the Preparation and Microbiological Assay Antagonists Derived from 
Vitamin Lester (Glaxo Laboratories, Lid., Greenford, Middlesex) 


and SHEARLEY. (Glaxo Laboratories, Ltd., Greenford, Middlesex) 


Roller Drying and Pelletting Equipment. and (Glaxo Laboratories, 
Greenford, Middlesex) 


(Glaxo Laboratories, Ltd., Greenford, Middlesex) 


Tabletting Techniques and Other Pharmaceutical Equipment. (Glaxo Laboratories, 
Greenford, Middlesex) 


Greenford, Middlesex) 


believed the first recording instrument 
for such studies. 


This instrument has been designed for optical 
rotatory dispersion studies from 230 270 


High-frequency Discharge Treatment Siliconed Surfaces. GREEN and 
(Glaxo Laboratories, Lid., Greenford, Middlesex) 
The application high-frequency discharge modifies siliconed glass surface that thermoplastic 


adhesives may applied. 


(Glaxo Laboratories, Ltd., Greenford, Middlesex) 


Rabbit Isolated Heart Preparation. (Glaxo Laboratories, Greenford, Middlesex) 


The Extraction and Identification Antigens from the Tubercle Bacillus. 
(Glaxo Laboratories, Greenford, Middlesex) 


Simple Micromethod for the Quantitative Determination Acetone and Acetoacetate 
Biological Fluids. Pawan. (Department Medicine, Middlesex Hospital Medical 
School, London, 


The following modification the method for 
estimating acetone (Ravin, 1936; Nadeau, 1952) 
very satisfactory for the determination aceto- 
acetate biological fluids. 

Acetoacetate catalytically decarboxylated 
the primary amine, aniline, and the acetone 
produced reacts with salicylaldehyde 
presence strong alkali and heat (Behre 
Benedict, 1926) give red colour (dihydroxy- 
benzalacetone). De-proteinization unnecessary 
and distillation the acetone and reaction with 
salicylaldehyde carried out one flask (Nadeau, 
1952; Sheftel, 1938). 


Apparatus. Erlenmeyer flasks with 


firmly fitting rubber stoppers. Into each rubber 
stopper inserted wire paper-clip. Filter-paper 
sheets medium thickness are immersed 50% 
aqueous aniline hydrochloride and dried below 
40°. The dried paper cut into strips in. 
Each strip rolled into small cylinder and 
fastened one the clips. The aniline hydro- 
chloride papers may stored for least several 
weeks stoppered jar. 

Reagents. 20% (v/v) salicylaldehyde 95% 
(v/v) ethanol. 40% (w/v) aqueous sodium hydr- 
oxide. Standard acetone solution, prepared 
weighing, and stored the cold. Stable for least 
month. 
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Procedure. 4-0 ml. sodium hydroxide and 
1-0 ml. salicylaldehyde reagent are pipetted into 
Erlenmeyer flask and gently mixed rotation. 
Crystallization occurs this point. 0-2 ml. the 
biological fluid absorbed the inside surface 
the rolled aniline paper, the flask quickly and 
firmly stoppered, and placed water bath 
for 20min. The water level the bath 
should little above the level the reagents 
the flask. The flask removed and allowed cool 
room temperature for exactly min. The stoppers 
are then removed, 5-0 ml. water added, and contents 
mixed rotation until crystals are completely 
dissolved. The optical density then measured 
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520 (Ilford spectrum filter green 604). blank 
and standards are run the same time, and 
concentration the acetone plus acetoacetate, 
expressed acetone, obtained from the standard 
curve. Good recoveries and duplicates acetone 
and acetoacetate are obtained. linear 
ship seen between colour and acetone 
tion mg./100 ml. biological fluid. 
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FILMS 


Vitamin Emerges 


Defence Against Poliomyelitis 


These are 15min. colour films describing the 
contributions Glaxo Laboratories research 


and development vitamin 
vaccine, respectively. 


T 
re 
fic 
sc 
tis 
nc 
tr 
te 
ca 
mi 
to; 
th: 
tis 
mé 
rec 

| 


tis 


Editors the Biochemical Journal accept responsibility for the Reports the Proceedings 
the Society. Abstracts papers read are published received from the 
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The 370th Meeting the Biochemical Society was held the Beveridge Hall the Senate House, 
University London, Saturday, February 1958, starting 10.30 a.m. when the following papers were 


SYMPOSIUM GLUTATHIONE 


Biochemistry and Biosynthesis Glutathione. (Low Temperature Research 


Station University Cambridge) 


The talk will the nature review the 
subject and will mainly concerned with pro- 
viding background chemical and biochemical 
facts for the more biochemical papers that follow. 

brief summary the chemistry glutathione 
will deal with the following points: 

(1) The accepted formula 
glycine. Four methods have been published for the 
synthesis, which depend ultimately the saponi- 
fication and treatment with sodium 
ammonia the 
glutathione diester. the original method de- 
scribed Harington and Mead the similar 


diester the disulphide was 
treated with phosphonium iodide. 

(2) The peptide has special reactivity because 
the presence the rare linkage. 

(3) The peptide has special reactivity because 
its mercaptan nature. This the biochemist 
major interest. The group can function 
reducing agent, form mercaptides, alkyl 
derivatives, react with carbonyl compounds and 
function the active site transfer reactions. 

(4) Various structural isomers are possible 
which interaction occurs between the sulphydryl 
group and the carbonyl group. 


Techniques for Determining Glutathione Animal Tissues. THomson and 
(Department Biochemistry, Institute Psychiatry (British Postgraduate Medical Federation, 
University London), Maudsley Hospital, London, S.E. 


review the extraction procedures that have 
been used for determining glutathione animal 
tissues will presented with special reference 
blood and cerebral tissues. 

Several analytical methods have been investi- 
gated and compared. The iodate titration method, 
dependent reduction iodate thiols, 
non-specific but applicable under carefully con- 
trolled conditions. amperometric titration 
technique which the formation silver mer- 
captide followed aqueous tris(hydroxy- 
medium has also been used 


and critical analysis its application will 
described. glyoxalase technique with yeast 
the enzyme source, and modification where- 
oxidized glutathione may analysed 
glutathione will reported. Other methods 
reducing disulphide bonds will considered. 
Comparison results obtained these three 
methods will presented. 

preliminary account the chromatography 
thiols applied biological material will also 
given. 


Enzyme Systems Associated with the Oxidation and Reduction Glutathione Plant Tissues. 
(Low Temperature Research Station (D.S.I.R.), University Cambridge) 


The ability plant tissues maintain glutathione 
the reduced state undoubtedly largely due 
the operation enzyme systems reducing TPN, 
together with the operation the enzyme gluta- 
thione reductase. The distribution, nature, pro- 
perties and localization the enzyme plant 
tissues are reviewed. The significance gluta- 
thione the metabolic activities the cell, the 
maintenance protein groups, and its role 
association with the 
reductase, dehydroascorbic acid reductase and the 


enzymes oxidizing acid, which together 
form potential electron transferring system, are 
discussed. Attempts demonstrate that this 
system associated with the generation high- 
energy phosphate bonds have far been un- 


The importance this respiratory 


pathway one plant tissue (pea seedlings) 
evaluated. 

The function glutathione both coenzyme 
part the prosthetic group other enzymes 
discussed. 
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Glutathione Metabolism Animals. 
University Edinburgh) 


Since the last review this subject (Colowick, 
1954) the two-stage biosynthesis glutathione 
(GSH) has been further studied. 

synthetase has been isolated which converts 
glutamic acid and cysteine specifically 
cysteine; the second step (reaction the dipeptide 
with glycine give GSH) requires another 
synthetase and more known about the reaction 
mechanism. 

With enzyme, the 
breakdown GSH involves removal the 
glutamyl group either glutamic acid (with 
water) y-glutamylpeptides (with amino 
the amino acid used. With different enzyme, the 
residue splits from GSH pyrrolidone 
acid. 

The significance esterase found mouse 
liver which specific for S-acyl derivatives 

discussed. 

GSH reductase from several sources has been 
further investigated; though previously thought 
specific for TPN coenzyme, DPN mediation 
has now been demonstrated, that two enzymes 
may involved. The whole question SH/SS 
equilibria vivo has been reconsidered, evidence 
emerging special and central role the GSH 
reductase system. GSH-homocystine trans- 
hydrogenase has, however, been reported. 


Glutathione and Neural Tissues. 
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(Department Clinical Chemistry, 


Studies using labelled substrates point 
novo synthesis GSH erythrocytes and give 
value for the half life. The turnover liver GSH 
has been re-investigated; adrenaline and growth 
hormone both affect it. 

Further work relating GSH and vitamin 
shows that the latter plays important part 
maintaining the level groups. More also 
known about the effect GSH levels thyroxine 
and stress. 

Besides its function the glyoxalase system, 
coenzyme formaldehyde dehydrogenase. 
Details the reaction mediated this enzyme 
are available; the mechanism probably entails the 
initial formation thiohemiacetal between GSH 
and formaldehyde. 

Although GSH present bound form 
glyceraldehyde 3-phosphate dehydrogenase, there 
still agreement whether forms part the 
prosthetic group the enzyme. 

The possibility that the GSH tripeptide sequence 
substrate protein synthesis has been dis- 
counted the case ovalbumin. 


REFERENCE 
New York: 


Colowick, (Ed.) (1954). Glutathione. 


Academic Press. 


Psychiatry (British Postgraduate Medical Federation, University London), Maudsley Hospital, 


London, S.E. 


The following subjects are reviewed, with especial 
reference the mammalian brain. Cerebral 
tissues are rich glutathione, which occurs 
and suggested experiments with 
isotopic glycine arise synthesis the tissue. 
The level total glutathione does not change 
greatly removing the brain ordinary dis- 
section distinci from rapid freezing situ, but 
the oxidized form increases the expense the 
reduced. Rapid freezing shows that normally the 


glutathione mainly its thiol form and during 


vitro experiments with variety added sub- 
strates, partial restoration the vivo pattern 
has been obtained. 

The tissue contains potent glutathione re- 


ductase capable producing the thiol form 


250 from the disulphide 


duced 2’-phosphocozymase. The reductase oper- 
ates nearly maximally the low levels di- 
sulphide and reduced coenzyme which occur the 
tissue. Systems which oxidize the reduced gluta- 
thione are much less potent. The thiol group 
glutathione can undergo acylation, either 
acetate and adenosine triphosphate trans- 
acylation, but little S-acetyl compound appears 
exist the tissue. 

Some interactions can occur between the gluta- 
thione cerebral tissues and that sur- 
rounding fluids. Effects added thiols the 
carbohydrate metabolism and other activities 
the tissues are described, and observations 
quoted the effects injecting large doses 
glutathione with the intention altering mental 
status. 
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Glutathione and its Analogues the Lens. (Nuffield Laboratory Ophthalmology, 


University 


The lens contains much glutathione, and the 
lens that analogues glutathione have for the first 
time been encountered. The main analogue 
ophthalmic acid, which differs from glutathione 
that the cysteine residue replaced «-amino- 
n-butyric acid residue. There about one-tenth 
much ophthalmic acid there glutathione calf 
lens. lower concentration another analogue, 
nor-ophthalmic acid 

there little glutathione and its 
analogues the fluid surrounding the lens (the 
aqueous humour), these peptides are synthesized 
the lens. Glutathione synthesis lens extracts 
proceeds from the amino acids and adenosine tri- 
phosphate; the same system (except that cysteine 
replaced acid) effects the 
synthesis ophthalmic acid. Indeed, the two 
syntheses are not competition occurs; 
and one both the enzymes catalysing 
glutathione synthesis also catalyse ophthalmic acid 
synthesis. The synthesis acid 
also catalysed calf lens extracts. 

The concentration glutathione decreased 


Thiols and Radiation Damage. 
Harwell, Didcot, Berkshire) 


The morphological changes brought about when 
ionizing radiations pass through animal and plant 
tissues are now well described, and recent advances 
radiobiology have been reviewed Gray 
(1956). The biochemical lesions responsible for the 
death cells following lethal dose ionizing 
radiation have not yet been recognized; many 
facets the problem have recently been discussed 
(Ciba Foundation Symposium, 1956). 

Several enzymes are inactivated irradia- 
tion with X-rays vitro (Barron, 1951; Barron 
Jobnson, 1954); very large doses radiation are re- 
quired and, furthermore, little inactivation has 
been detected vivo. Barron and his co-workers 
found that the inactivation enzymes vitro 
prevented and partly reversed glutathione. 

These findings led Cronkite show that pre- 
treatment mice with glutathione afforded 
small protection against radiation damage (Chap- 
man Cronkite, 1950; Cronkite, Brecher 


Chapman, 1951), though the first demonstrate 
the protective effect thiol, cysteine, were Patt, 
Tyree, Straube Smith (1949). 

The search for more effective protective sub- 
stances yielded cysteamine (Bacq, Herve, Lecomte, 
Fischer, Blavier, Dechamps, Bihan Rayet, 


X-ray cataract the moreover, the rate 
glutathione synthesis extracts cataractous 
lenses also decreases. Thus, the concentration 
glutathione probably mainly governed its rate 
synthesis. The lens opacities resulting from 
exposure X-rays are preceded the drop 
glutathione concentration, but there direct 
evidence whether the cataracts are any 
sense caused the lowered glutathione concen- 
tration. 

The close structural similarity between gluta- 
thione and ophthalmic acid suggested that oph- 
thalmic acid would function ‘anti-coenzyme’ 
those reactions for which glutathione 
coenzyme. This has been found for the 
first stage the glyoxalase reaction, the formation 
S-lactoylglutathione from methyl glyoxal and 
glutathione. this reaction, ophthalmic acid acts 
competitive inhibitor, and one the most 
active known. Kinetic evidence indicates that the 
from glutathione and methyl 
glyoxal the true substrate for the enzyme cata- 
lysing the synthesis S-lactoylglutathione. 


(M.R.C. Radiobiological Research Unit, 


1951), series dithiocarbamates (van Bekkum, 
1956) and various derivatives cysteamine 
(Doherty, Burnett Shapira, 1957; Shapira, 
Doherty Burnett, number sulphur- 
free substances are also protective, these include 
respiratory inhibitors, cyanides and azides, well 
the pharmacologically active amines 5-hydroxy- 
tryptamine, adrenaline and histamine. 

Recently, group substances, including 
several thiols, have been found which sensitize 
mammals damage radiation (Koch, 1956). 

The cysteamine-cystamine group protective 
substances have been studied from the pharma- 
cological and physiological (Bacq, 1956) and bio- 
chemical (Pihl Eldjarn, 1956) aspects. 

seems unlikely, from the results recent 
work, that cysteamine-cystamine 
either combining with radiation-induced free 
radicals reducing the oxygen tension within 
cells (Shapiro Eldjarn, 1955a,b; Cohen, Vos 
van Bekkum, 1956). 

common feature protective substances 
their sedative action mice. Recent experiments 
this laboratory have shown that this accom- 
panied hypothermia. The body temperature 
mice falls about 30°, min. after the admin- 
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istration protective dose all the substances 
far examined. similar degree hypothermia 
induced ehlorpromazine magnesium sulphate 
did not protect mice. likely that many 
protective substances produce metabolic block 
somewhere the oxido-reduction chain cellular 
metabolism, already postulated other 
evidence Cohen al. (1956). The possibility 
cannot, however, excluded that some substances 
such histamine may hypothermic well 
protective mice reducing cellular oxygen 
tension. 
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levulinic acid (pfs) 


L-Arginine HCl, Sigma 
Grade (pfs) 
DL-Aspartic acid (pfs) 


L-Aspartic acid, Sigma 
Grade (pfs) 

L-Cysteine hydrate 
(pfs) 

Alanine) (DOPA) (pfs) 

Alanine) (DOPA) (pfs) 

Alanine) (DOPA) 
(When available) 

3,5-Diiodo-L-thyronine (pfs) 


3,5-Diiodo-L-tyrosine, 
Sigma Grade (pfs) 
3,5-Dinitro-L-tyrosine (pfs) 


DL-Ethionine (pfs) 


L-Ethionine, Sigma Grade 


D-Ethionine, Sigma Grade 
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L-Glutamic acid (pfs) 


Glycine (Aminoacetic Acid) 
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From the new Sigma Reagent Catalogue, offer 


AMINO ACIDS 


10 grams 1.25 Gl I-glyci HCI 

72.00 

25 grams -90 53% fs) 

(Allo-free), 

Sigma Grade (pfs) 

10 grams 1.25 available 


100 grams 219 Sulfate (pfs) 
DL-Leucine (pfs) 


11.00 
grams 1.30 
100 grams 100.00 
100 170.00 
DL-Methionine (NF) (pfs) 
60.00 Sigma Grade 
gram 85.00 (pfs) 
10 grams 1.80 (pfs) 
grams 1.50 DL-Phenylalanine (pfs) 
100 grams Sigma 
L-Phenylalanine, Sigma 
25 grams 2.25 Grade (pfs) 
1 gram 1.10 (pfs) 
250 2.40 L-Proline, Sigma Grade (pfs) 
grams 60.00 (pfs) 
250 mg 3.25 
9.50 D-Serine, Sigma Grade (pfs) 


1 gram 24.00 
100mg 4.00 
25 grams 2.65 


L-Serine, Sigma Grade (pfs) 

Sarcosine Sigma Grade 

L-Threonine (pfs) 


DL-Tryptophane (pfs) 


1 gram 3.40 
25 grams 49.00 
5 grams 1.15 

1 kilo 90.00 

1 gram 4.70 

5 grams 21.50 
1 gram 4.70 

5 grams 21.50 
100 grams 1.50 
1 kilo 8.00 
100 grams 1.25 
1 kilo 7.00 


L-Tyrosine (pfs) 
DL-Tyrosine (pfs) 
DL-Valine (pfs) 

L-Valine, Sigma Grade (pfs) 
D-Valine, Sigma Grade (pfs) 


SEND YOUR ENQUIRIES TO: 


1 gram 1.40 
100 grams 35.00 


10 grams 2.00 
1 kilo 95.00 


1 gram 1.75 

100 grams 120.90 
1 gram 20.00 
100 mg 3.50 


1 gram 14.00 
250 mg 5.00 

10 grams 1.10 
1 kilo 43.00 
25 grams 2.00 
1 kilo 48.00 
10 grams 1.50 
1 kilo 69.00 
25 grams 3.00 
1 kilo 66.00 
100 grams 2.00 
1 kilo 14,00 

1 gram 1.75 
100 grams 94.50 
5 grams 3.00 

1 kilo 347.00 


10 grams 1.70 

1 kilo 90.00 

1 gram 2.50 

100 grams 188.00 
1 gram 1.50 

100 grams 69.00 


1 gram 3.95 

5 grams 15.75 

1 gram 1.20 
100 grams 54.50 
5 grams 1.10 

1 kilo 99.00 
250 mg 2.40 

5 grams 34.00 

1 gram 5.75 

25 grams 105.00 
5 grams 3.50 

25 grams 12.50 
1 gram 4.00 
100 grams 215.00 
5 grams 1.80 

1 kilo 180,00 

25 grams 1.20 

1 kilo 27.00 

25 grams 1.65 

1 kilo 45.00 

10 grams 1.00 

1 kilo 40,00 

1 gram 2.50 

25 grams 43.00 
1gram 2.50 

25 grams 49.00 
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N-Acetyl-DL-tryptophane 


directly to: 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB ST., LOUIS 18, MISSOURI, U.S.A. 
MANUFACTURERS THE FINEST BIOCHEMICALS AVAILABLE 
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DEHYDRATED CULTURE MEDIA 


THE MODERN TECHNIQUE MEDIA MAKING 


Details upon request 
from Laboratory suppliers direct from 
“OXOID” DIVISION OXO LTD. 
THAMES HOUSE, LONDON, E.C.4 
Telephone: Central 9781 


Sugar Phosphates 


The following chemicals English manufacture and 
the specifications shown are now available: 


a-D(+)-Glucose-1-phosphoric acid, dipotassium salt 
dihydrate 
Mol. wt. 


Assay (ex P and K): Not less than 95:0% 
Inorganic phosphate: Not more than 0:1% (as P) 
Loss on drying: Not more than 110% at 105° C. in vacuo 


[00] 7? = 76° to 80° (c, 5 in water) 1 g—12s. 6d. 


acid, barium salt 
heptahydrate 


C,H,,0;.O.PO,Ba.7H,O Mol. wt. 521-60 
Assay (ex Pand Ba): Not less than 95:0% 

Inorganic phosphate: Not more than 0:1% (as P) 

Loss on drying: Not more than 25°5% at 105° C. in vacuo 


[oc] 29 = 20° to 22° (c, 5in N/1 HCl) 0-1 g—S8s. 6d. 1 g—5Os. Od. 

Also available: 

acid, dibarium salt 
1 g—6s. 0d. 5 g—22s. 9d 


acid, barium salt 
0-1 g—5s. Od. 1 g—30s. Od. 


Enquiries for larger quantities are welcomed 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. LABORATORY CHEMICALS GROUP 


POOLE DORSET 
SP/5601 
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important advance 
flame 


SP. 900 


SPECTROPHOTOMETER 


The following are few examples 
from the wide range determina- 
tions which the advantages 
flame photometric analysis have 
been proved:— 

Calcium serum 

Plasma magnesium 

Lithium silicate rocks 

Copper, nickel and manganese 
aluminium-base alloys 

Strontium sea water 

Mineral elements plant tissue 
Sodium and potassium oxides 
cement 

Added distinctive cations 
whisky 

Potassium fertilisers 

Rubber solids deposited cords 
fabrics 

The services the Unicam Applica- 
tions Laboratory are freely available 
investigate the suitability the 
SP. 900 your analytical problems, 


UNICAM 


INSTRUMENTS 


POWERFUL 

Correct optical design provides accurate wavelength selection 
over the range 250—1020 The high light-gathering power 
the silica prism monochromator coupled with sensitive detectors 
and powerful amplifier give the SP. 900 great potentialities 
research tool and extend the range its applications the 
routine laboratory. 


FAST 

sensitive direct reading galvanometer, operation small 
sample volumes, rapid setting-up procedure—all are important 
time-saving features. The Flame Spectrophotometer easily 
converted recording instrument with automatic wave- 
length scan. 


CONVENIENT 

Compact layout, logical disposition controls, simple and 
quick-to-clean sampling system—these are some the features 
that distinguish the SP. 900 simple, convenient all-mains 
instrument, well-suited the unskilled operator. 


DEMONSTRATIONS 


Demonstrations the SP.900 will given the 


INSTRUMENTS, ELECTRONICS 
AUTOMATION EXHIBITION 


London, 16—25 April 


Please write without delay for tickets. series local 
demonstrations being arranged for various parts the 
country, and shall welcome enquiries that will help 
the planning these. 
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Dynamic 


Biochemistry 
ERNEST BALDWIN 


The third edition this book has been thoroughly revised incorporate 
recent developments. Additional material includes chapter photo- 
synthesis, discussion the metallo-flavo proteins, the processes trans- 
aldolation and transketolation, and the synthesis the nitrogenous bases. 
The treatment biological energetics and the chapters carbohydrate 
and fat metabolism have been completely revised the light recent work. 


THiRD EDITION 


37s. 6d. net 


CAMBRIDGE UNIVERSITY PRESS 
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DIFCO 


microbiological 
reagents and media 


THE ONLY COMPLETE LINE 


CULTURE MEDIA 
MICROBIOLOGICAL ASSAY MEDIA 
TISSUE CULTURE AND VIRUS MEDIA 
SEROLOGICAL REAGENTS ANTISERA 
DIAGNOSTIC REAGENTS 
SENSITIVITY DISKS UNIDISKS 
PEPTONES HYDROLYSATES AMINO ACIDS 
ENZYMES ENRICHMENTS DYES INDICATORS 
CARBOHYDRATES BIOCHEMICALS 


Laboratories 


Over sixty years’ experience 


the preparation Difco products assures 


UNIFORMITY STABILITY ECONOMY 


complete laboratory service 


Prompt delivery from stock for full list products 


BAIRD TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


SOLE AGENTS GREAT BRITAIN 
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Several hundred isotopically labelled compounds are now produced regularly 
Amersham. They include unrivalled range materials needed for tracer work 
biology, pharmacology, medical diagnosis and therapy, and many technical applications 
chemical products—pesticides, weedkillers, hormones, and the like. 


Most these substances can supplied from stock—or the case short-lived 
isotopes, reasonable notice—and their specific activity and chemical purity are 
generally the highest available today. 


Some examples from our current production are: 


Compounds Thiopentone-S35, sodium salt 
and other sulphonamides-S35 
Interest: 
6-Mercaptopurine-S3 
Phenothiazine-S3 
fluorophosphonate-P32 
oils and fats-1131 
Mersalyl-Hg203 
Sodium stibogluconate-Sb124 


Surface-active Potassium xanthate-S35 
Agents: Sodium sulphosuccinate-S3 


Sodium lauroylmethyltauride-S3 
Sodium 


Write for further information 
THE RADIOCHEMICAL CENTRE 


AMERSHAM - BUCKINGHAMSHIRE - ENGLAND 


TAS RC.23 
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DIAGNOSTIC AND LABORATORY MATERIALS 


@ AGGLUTINABLE SUSPENSIONS @ AGGLUTINATING AND PRECIPITATING SERA 


@ CULTURE MEDIA @ OLD TUBERCULIN @ OPACITY TUBES @ PENICILLINASE 


REAGENTS FOR COMPLEMENT FIXATION AND FLOCCULATION TESTS 


@ THE ‘AGLA’ BRAND MICROMETER SYRINGE 


SERA FOR IDENTIFICATION CLOSTRIDIA 


Details and Price List on application 


Langley Court, Beckenham, Kent. 


Telephone Beckenham 3422 


from: 


available for research 


Synthetic Cryst. Vitamin 
Acetate, Alcohol, and Palmitate 


cryst. 


Aneurine Hydrochloride B.P. 
(Vitamin 


Riboflavin B.P. (Vitamin Be.) 
Nicotinic Acid B.P. 
Nicotinamide B.P. 


Pyridoxine Hydrochloride B.P.C. 
(Vitamin Be.) 


Pyridoxamine dihydrochloride 
Pyridoxal-ethyl-acetal hydrochloride 
Calcium-d-Pantothenate 


Sodium-d-Pantothenate 


d-Biotin 

Cocarboxylase 

Folic Acid 

Inositol 

Ascorbic Acid B.P. (Vitamin C.) 
Sodium Ascorbate 

Calciferol (Vitamin De.) 


DL-alpha-Tocopheryl Acetate B.P.C. 
(pure synthetic Vitamin E.) 


DL-alpha-Tocopherol (unesterified) 
Disodium DL-alpha Tocophery! phosphate 
Menapthone B.P. 


ROCHE PRODUCTS LIMITED Manchester Square London 
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The Journal 
General Microbiology 


Contents Volume 18, No. April 1958 


Tolhurst, The effect the medium the cultivation Mycobacterium balnei 
37°. 


J., Sikyta, B., Kasparova, J., and Development 
the culture Streptomyces rimosus submerged fermentation. 


Loutit, process within single strain Pseudomonas 
aeruginosa. 


Dubes, and Chapin, Poliovirus mutants with altered responses cystine. 
Symonds, The properties star mutant phage 
McFall, and Stent, Three star mutants coliphage 


Kuczynski-Halmann, and Avi-Dor, Turbidity changes suspensions Gram- 
positive bacteria relation osmotic pressure. 


Steel, and Walker, Studies the antibacterial activity certain strains 
Acetobacter. 


van Dijck, and Somer, Ramycin: new antibiotic. 
Powell, outline the pattern bacterial generation times. 


Lewin, C., Lewin, and Philpott, Observations Phaeodactylum 
tricornutum. 


Lewin, The taxonomic position Phaeodactylum tricornutum. 


Ennis, and Sussman, Synergistic morphogenesis mixtures Dictyo- 
stelium discoideum wild-type and aggregateless mutants. 


Harrison, Relationship between beet ringspot, potato bouquet and tomato 
black ring viruses. 


Alper, and Gillies, Escherichia coli strain after irradiation: 
its dependence sub-optimal growth conditions. 


Bacterial Lysis. 


Papers Contributed Discussion Meeting the Society General Microbiology, 
September 1957. 


The subscription rate 90s. net per volume parts, Single parts 35s. each, plus 
postage. Two volumes will issued each year. Orders should sent 


CAMBRIDGE UNIVERSITY PRESS 
BENTLEY HOUSE, 200 EUSTON ROAD, LONDON, 
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10,000 voits 


ELECTROPHORESIS 


for the rapid separation 


AMINO ACIDS, PEPTIDES, INDOLES, 
PURINES, ETC. 


The new Shandon 10,000 Volt Electrophoresis Equipment 
likely replace normal chromatographic methods, particularly 
where speed importance. For the rapid examination, for 
example, eluents from iron exchange columns, high voltage 
electrophoresis will give answer thirty minutes. The 
illustration above shows the high voltage power supply, especially 
developed for this technique. 


New Tanks for Gel and Membrane Electrophoresis 


Three new tanks for the above techniques have now been added 
our range electrophoresis equipment and details are 
available request. 


SHANDON SCIENTIFIC COMPANY LTD., Cromwell Place, South Kensington, S.W.7 
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NUTRITIONAL BIOCHEMICALS 
CORPORATION offers you 
quality that merits your 
complete confidence 
service you can always rely 


Searching for One 
Dependable Source for 
All Your Research 
Biochemical Needs 


Over 225 Amino Acids Over Peptides 


Over 200 Nucleoproteins, Purines, Pyrimidines 


Miscellaneous Biochemicals Vitamins 
Enzymes Growth Factors 
Steroid Hormones Biological Salt Mixtures 


Biological Test Materials 


Three days after your order received will 
delivered most parts Europe 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Avenue ... Cleveland 28, 


Write for 

New Catalog 
February 1958 
Over 2100 items 
Write Dept. 112 
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THE 
JOURNAL PHYSIOLOGY 


VAUGHAN WILLIAMS, Some observations concerning the mode action 
acetylcholine isolated rabbit atria. 


Blood volumes Eskimos and white men before and during acute cold 


Heat transfer measurement living skin. 


BULBRING, and Lin, The effect intraluminal application 


5-hydroxytryptamine and 5-hydroxytryptophan peristalsis; the local 
production 5-HT and its release relation intraluminal pressure and 
propulsive activity. 


MATTHEWS, The effect the local application procaine the 
stretch reflex the soleus muscle the cat decerebrated anaemia. 


muscle spindles indicator y-efferent paralysis procaine. 


and Motor units the rat diaphragm. 


The representation the splanchnic afferent pathways the 
thalamus the cat. 


Potassium movements and ATP red cells. 
> 


AUGUSTINSSON, and JOHNELS, The acetyicholine system 
the electric organ Malapterurus electricus. 


Subscription price 80s. per volume three parts, post free 
Single parts 30s. each, postage extra 


CAMBRIDGE UNIVERSITY PRESS 
BENTLEY HOUSE, 200 EUSTON ROAD 
LONDON, 
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Glycyl-D,L-alanine 


Glycylglycine 
Glycyl-D,L-leucine 
Glycyl-D,L-serine 


D,L-Leucylglycine 
Many Others 


D,L-Leucylglycylglycine 


Listing over 2800 resear 
Chemicals 


Write for Catalog No. 


and its first addition 


ALDRICH CHEMICAL COMPANY, ING 


3747 NORTH BOOTH STREET MILWAUKEE 12, WISCONSIN, 


British Sales RALPH EMANUEL, Leather Market, Weston St., London, 
Tel. Hop 2292 


Printed Great Britain the University Press, Cambridge 
(Brooke Crutchley, University Printer) 


Among 2800 Organics... 
THESE PEPTIDES 
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